Journal of 
DAIRY SCLENCE 


Vol. 44 March, 196] Number 3 








CONTENTS 


PEOPLE AND EVENTS 
DAIRY TECHNOLOGY SOCIETIES. 
GENERAL INTEREST: 


Trends in Ultra-High Temperature Pasteurization. 
W. M. Roberts oe 


Impressions of Russian Dairy Farming. 
R. E. Hodgson and E. E. Heizer 


A.D.S.A. Honors Ben E. Goodale 


RESEARCH PAPERS: 


Amino Acid and Vitamin Composition of Saccharomyces fragilis Grown 
in Whey. 


Aaron E. Wasserman 


Whey Utilization. V. Growth of Saccharomyces fragilis in Whey in a 
Pilot Plant. 
A. E. Wasserman, J. Hampson, N. F. Alvare, and N. J. Alvare ; ‘ 


Quantitative Determination of Lactase. 
Lenore Jasewicz and Aaron E. Wasserman ‘ ‘ 


Interfacial Tensions of Lipolyzed Milk Fat-Water Systems. 
A. H. Duthie, R. G. Jensen, and G. W. Gander 


Milk Powders. V. Effects of the Interfacial Tension of Butter Oil in 
Powder on the Wettability of the Powder. 
B. E. Baker and E. R. Samuels 


The Density of Milk at Low Temperatures. 
P. D. Watson and R. P. Tittsler 


Role of Xanthine Oxidase in the Reduction of Resazurin by Raw Milk. 
J. J. R. Campbell and Lynette B. Keur . - ‘ P ‘ P . 


Variations in the Heat Stability and Composition of Milk from Individual 
Cows During Lactation. 
Dyson Rose 


High Temperature-Short Time Sterilized Evaporated Milk. II. Laboratory 
Techniques for the Preparation and Study of Sterile eemeed Milk. 


Abraham Leviton and M. J. Pallansch 


Rindless, Swiss-Type Cheese. I. Method of Manufacture in Block Form. 
D. D. Deane and F. D. Cohenour ‘ . ‘ P P ‘ ‘ 


(Continued on inside front cover) 





CONTENTS 
(Continued from front cover) 


Rindless, Swiss-Type Cheese. II. Prevention of Surface Mold Growth 
During Curing and Storage. 
D. D. Deane a ae ae ee en” ee ee en ee 


A High-Roughage System for Raising Calves Based on the Early Develop- 
ment of Rumen Function. X. Whole Blood, Plasma, and Corpuscle 
Glucose Relationships in Calves Fed High-Roughage Rations with and 
Without Chlortetracycline. 

J. W. Hibbs, H. R. Conrad, and J. H. Vandersall ‘i ‘ ‘ ‘ 


Fatty Acid Composition of the Lipid Fractions from Bovine Serum 
Lipoproteins. 
Laura Evans, Stuart Patton, and R. D. McCarthy 


Nutritive Value of High-Moisture Corn When Fed with Various Silages to 
Lactating Dairy Cows. 
C. A. Zogg, R. E. Brown, K. E. Harshbarger, and K. A. Kendall 


Net Energy of Pineapple Bran and Pineapple Hay When Fed to Lactating 
Dairy Cows. 
Kenneth K. Otagaki, G. P. Lofgreen, Estel Cobb, and Gerald G. Dull 


Effect of a Complex Mineral-Vitamin Supplement on Milk Production. 
C. M. Chance and J. K. Loosli_. ‘ . . ° . ‘ 


Effect of Stage of Maturity at First Cutting on Quality of Forages. 
S. L. Spahr, E. M. Kesler, J. W. Bratzler, and J. B. Washko 


Influence of Weather on Sugar Content of Forage Crops. 

J. G. Archibald . ‘ : ° ° P e ° ° ‘ ° 
Relationships Between Age, Body Weight, and Yield of Dairy Cows. 

R. E. Erb and U. S. Ashworth . é . . ‘ ‘ e ‘ ‘ 


Effect of Increased Levels of Ovarian Hormones and Duration of Treatment 
on the Experimental Induction of Growth of the Cow’s Udder. 


Ralph Williams and C. W. Turner . . . . «© «© « « 


Heritability and Repeatability of First, Second, Third, and Fourth Records 
of Varying Duration in Brown Swiss Cattle. 


L. A. Johnson and E. L. Corley . ° e " ‘ ‘ ° P 


Crampy or Progressive Posterior Paralysis in Mature Cattle. 
R. B. Becker, C. J. Wilcox, and W. R. Pritchard B P ‘ . ‘ 


Levels of Deoxyribonucleic Acid in Bovine Spermatozoa and Their Rela- 
tionship to Fertility. 
W. R. Summerhill, Jr. and Durward Olds 


TECHNICAL NOTES: 


Photomicrographs of Milk Protein Particles. 
H. K. Wilson and E. O. Herreid . ‘ ‘ ‘ ‘ r . ‘ ° 


Bloat in Cattle. II. Its Development on Alfalfa Pasture After Inoculation 
of Empty Rumina with Autoclaved or Fresh Rumen Fluid. 


E. E. Bartley, T. J. Claydon, L. R. Fina, C. Hay, and I. S. Yadava ‘ 


Conversion of Carotene from Alfalfa and from Water-Dispersible Gelatin 
Beadlets to Vitamin A by Calves. 
A. P. Grifo, Jr., J. E. Rousseau, Jr., H. D. Eaton, and D. G. Gosslee . 


OUR INDUSTRY TODAY. . . . . 
ASSOCIATION AFFAIRS . . . . ° . ‘ 
BOOK REVIEWS. . . =. . 

















Editorial Address: 
Phone: 


C. K. JoHNS H. D. Eaton 


Ottawa, Canada Storrs, Conn. 


N. L. JACOBSON ROBERT JENNESS 
Ames, lowa St. Paul, Minn. 


J. P. MIxNer DuRWARD OLDS 
Sussex, N. J. Lexington, Ky. 


E. L. Jack N. L. VANDEMARK 
Davis, Calif. Urbana, Ill. 


U. S. ASHWORTH 
Pullman, Wash. 


J. F. CAVANAUGH 
E. O. Herren, ex officio 


R. E. Hopeson, President 
Animal Husbandry Research Branch, USDA 
Beltsville, Md. 

H. F. Jupxins, Sec.-Treas. 

32 Ridgeway Circle, White Plains, N. Y. 


S. T. CouLTER F. J. DOAN 
St. Paul, Minn. University Park, Pa. 
J. T. RED 
Ithaca, N. Y. 
E. O. HERRED, ex officio 





JOURNAL OF DAIRY SCIENCE 


OFFICIAL PUBLICATION OF THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 


E. O. HERREID, Editor-in-Chief, University of Illinois 
Station A, Box 718, Champaign, Illinois 
EMpire 7-7073 
EDITORIAL BOARD 


COMMITTEE ON JOURNAL MANAGEMENT 


F. J. Doan, Chairman 
Department of Dairy Science, Pennsylvania State University, University Park, Pa. 


OFFICERS OF THE ASSOCIATION 


DIRECTORS 


E. C. ScHEIDENHELM 
Lexington, Ky. 


F. A. KuMMEROW 
Urbana, III. 


J. E. LEGATES 
Raleigh, N. C. 


M. L. Speck 
Raleigh, N. C. 


G. M. Warp 
Manhattan, Kan. 


R. E. Ety 


Reno, Nevada 


J. J. JEZESKI 
St. Paul, Minn. 


Sruart Parron 
University Park, Pa. 


Evert WALLENFELDT 
Madison, Wis. 


R. W. TOUCHBERRY 
Urbana, Ill. 


H. A. HERMAN 
H. F. JupKtns, ex officio 


E. L. Jack, Vice-President 
Department of Food Science and Technology, 
University of California, Davis, Calif. 
E. O. Herrem, Journal Editor-In-Chief 
Champaign, Ill. 


N. P. RALSTON 
East Lansing, Mich. 
G. H. WIsE 
Raleigh, N. C. ' 
H. F. JupKIns, ex officio 


A. C. Fay 
North Miami, Fla. 








ADMINISTRATIVE INFORMATION 


Manuscripts 


Manuscripts for publication in the Journal of Dairy 
Science should be submitted to the editor, E. O. Herreid, 
at the address above. See January, 1954, issue, page 
108, for information concerning the preparation of manu- 
scripts, or send for reprint, ‘‘Information for Authors.” 


Advertising 


Advertising plates, copy, insertion orders, contracts, 
and requests for information relating to advertising in 
the Journal should be addressed to the Journal of Dairy 
Science in care of The Garrard Press, 510-522 North 
Hickory Street, Champaign, Illinois. 


Nonmember Subscriptions 


Nonmember subscriptions are $15.00 per volume in 
the United States and Canada; $15.50 in all other coun- 
tries, net and postpaid. New subscriptions and renewals 
begin with the first issue of the current volume. Renewals 
should be sent in by December 1 of the current year for 
the following calendar year to avoid a break in the series. 
Subscriptions should be sent to the Journal of Dairy 
Science in care of The Garrard Press, 510-522 North 
Hickory Street, Champaign, Illinois. 


Subscriptions for the British Isles and the British 


Covent Garden, London, W.' C. 2, England. Subscrip- 
tions for Australia should be sent to our agent: John H. 
Bryant, Herbert Street, St. Leonards, N.S.W., Australia. 


Changes of mailing addresses, post office notices of un- 
deliverable copies, inquiries about copies lost in the mail, 
and all other matters pertaining to the mailing list for 
nonmember subscribers should be sent to The Journal of 
Dairy Science in care of The Garrard Press at the above 
address. Claims for copies of the Journal of Dairy Science 
lost in the mails must be received within 30 days (90 
days foreign) of the date of issue. Notice of change of 
address must be received two weeks before date of issue. 


Memberships 


Membership dues in the Association are $10.00 a year 
and should be sent to H. F. Judkins, Secretary-Treasurer, 
82 Ridgway Circle, White Plains, New York. Renewals 
should be made not later than December 1 each year. 


Changes of mailing addresses, inquiries about copies 
lost in the mail, requests for back copies and all other 
matters pertaining to the mailing list for members of the 
American Dairy Science Association should be sent to 
Mr. Judkins at the above address. Claims for copies of 
the Journal of Dairy Science lost in the mails must be 
received within 30 days (90 days foreign) of the date of 


Empire should ordered through our agents: Messrs. issue. Notice of change of address must be received two 
Bailliere, Tindall 7 and 8 Henrietta Street, weeks before date of issue. 


and Cox, 7 
Form 3579 to be returned to Garrard Press 





Entered as 


Printed by The Garrard Press, 510-522 North Hickory Street, Champaign, Illinois. 
second-class matter at the post office at Champaign, Illinois, under the act of March 3, 1879. 


Copyright, 1961, by the American Dairy Science Association. Printed in the U. S. A. 








2 JOURNAL OF DAIRY SCIENCE 





flavors 


You, too, can have “the finest 
Chocolate ice cream in town” 


when you use Ambrosia’s 
distinctive Dutch Process Cocoas, CWinbrosia 
Pure Chocolate Liquors, or 
Chocolate Flavors. Why not ~~, 


try Ambrosia for your 
Chocolate ice Cream? 





For ond more information write to 
AMBROSIA CHOCOLATE COMPANY 
Milwevkes 3, Wisconsin 


Me@nufacturers of fine chocolate and cocoa since 1894 





PEOPLE AND EVENTS 


News from the Universities 


Dr. Bearden New Head of Mississippi Dairy 
Department 


New head of the Dairy Department at 
Mississippi State University is H. J. BEARDEN, 
who has returned to his home state from 
Cornell University where he was an associate 
protessor. 

Dr. Bearden was born 
in Starkville, Mississip- 
pi, on May 12, 1926. 
With his family, he 
moved to a farm in 
Walthall County when 
he was seven years old. 
He graduated from 
Enon High School in 
1944, spent the next 
two years in the Navy, 
and then entered Mis- 
sissippi State College. 
While a_ student he 
worked at the dairy 
barn and helped with 
artificial insemination research. Majoring in 
Dairy Production, he graduated with special 
honors in January, 1950. 

After earning the Master of Science degree 
from the University of Tennessee in 1951, 
Dr. Bearden was awarded the Ralston Purina 
fellowship for work toward a Ph.D. He earned 
this degree in 1954 from Cornell University, 
with a major in animal breeding and minors 
in animal nutrition and veterinary physiology. 
In 1954, he joined the Cornell staff as an 
assistant professor and was promoted to 
associate professor in 1960. He became head 
of the dairy department at Mississippi State 
University and the Mississippi Agricultural 
Experiment Station October 1, 1960, suceeding 
J. T. Mives, who returned to the University 
of Tennessee to become head of its dairy de- 
partment. 





H. J. Bearden 


Arizona 


Dairying in the Decade Ahead will be the 
theme of the Annual Dairymen’s Conference 
of April 5, 1961, at Arizona State University, 
Tempe. According to E. G. Moopy, discussions 
will center around the political climate, man- 
aging the milk supply, and bargaining. Par- 
ticipants will include H. W. Hatvorson, Ag- 
ricultural Economist, University of Wiscon- 
sin; GLENN Laks, president, National Milk 
Producers Federation and Michigan Milk Pro- 
ducers Association; Ray Sevtzer, Agricultural 
Economist, University of Arizona; and R. G. 
LyTLE, manager, United Dairymen of Arizona. 





Department Head Appointed at the University 
of Tennessee 


J. T. Mites has been appointed head of the 
Dairy Department of the University of Ten- 
nessee, effective September 1. He will succeed 
C. E. Wyuiz, who is retiring August 31. 

Dr. Miles is from 
Erin, Tennessee. He 
earned the Bachelor ot 
Science degree in 1940, 
majoring in dairying, 
and the Master’s degree 
at the University of 
Tennessee in 1948. In 
1951, he received his 
Doctor of Philosophy 
degree at the Univer- 
sity of Wisconsin. 
Major studies have 
been in dairy and mi- 
nors in Agronomy and 
Biochemistry. He is 
now head of the Dairy Department at Missis- 
sippi State University. 

In addition to experience at Mississippi 
State, Dr. Miles was herdsman and assistant 
superintendent at the Dairy Experiment Sta- 
tion, Lewisburg, from 194. to 1941. He was 
associate professor, then professor on the 
Mississippi State staff between July, 1951, 
and August, 1960, except for 1953-54, when 
he was on the Iowa State University staff as 
assistant professor. 

Dr. Miles is a member of the American 
Dairy Seience Association and the American 
Society of Animal Production. Fraternal mem- 
berships include Phi Kappa Phi and Sigma 
Xi. He is author or ¢o-author of over 35 
seientifie articles or publications in his area 
of specialization. 


: 


J. T. Miles 


California 
Look-Ahead Conference 


B. E. HupBett was program chairman for 
the annual California Dairy Industry Con- 
ference held at the University of California, 
Davis, Jan. 30, 31, Feb. 1, 1961. About 400 
people registered for the three-day event. 
Among the prominent speakers on the program 
were H. A. Benprxen, Washington State Uni- 
versity, R. F. Hotuanp, Cornell, R. J. WERNER, 
former executive secretary, Milk Industry 
Foundation, and G. M. Brices, Department 
of Nutrition, University of California at 
Berkeley. 

The theme of the Conference was A Look 
Ahead, and 42 papers relating to this theme 
were presented in the various sessions. 

At the annual banquet, Stertinc LAMPERT, 
McColl’s Dairy, Redding, was installed as 
president of the California Dairy Industries 
Association, co-sponsors with the University 
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J. B. CLose, Borden Com- 
won the Grand Prize for 


of the Conference. 
pany, Sacramento, 
product judging. 

J. B. Mickie of Oklahoma State University 
is spending a six-month’s sabbatical leave in 
the Department of Food Science and Tech- 
nology at the University of California at 
Davis. While there Dr. Mickle will carry on 
post-doctoral studies on the chemistry of milk 
fat in collaboration with E. L. Jack and L. M. 
SMITH. 


Connecticut 
Animal Breeding Short Course 


People from seven states braved severe win- 
ter weather and were enrolled in an intensive 
one-week short course in Animal Breeding at 
the University of Connecticut for the week 
of January 30 through February 3. Sessions 
ran well into the evenings and discussion 
periods and demonstrations supplemented the 
lecture material. One of the most popular 
laboratory periods was the anatomy and fune- 
tion of twenty bull and cow reproductive 
tracts in different stages of pregnancy or ab- 
normality. The herds at the University were 
used for demonstration and teaching purposes. 
Those attending expressed high interest in 
the program and most faced the immediate 
task of better analyzing their own herd when 
they returned home. 

The physiology of reproduction, causes of 
low reproduetive efficiency, fundamentals of 
genetics, systems of breeding, and practical 
selection and performance testing were 
stressed. The group included those interested 
in beef cattle, dairy cattle, and horse breed- 
ing. Joint sessions of the entire group were 
conducted approximately half of the time. 
The remainder of the time was spent in sepa- 
rate sections for the separate interest groups. 

The objective of the course was to serve 
adults working with the various livestock 
species and better inform them of the prin- 
ciples of animal reproduction, inheritance, and 
selection. There was no charge for this course. 

It was sponsored by the Animal Industries 
Department of the College of Agriculture in 
cooperation with the Department of Animal 
Diseases. Eleven members of both depart- 
ments were involved with the program. A 
similar course is tentatively planned for 1962. 

The next short course at the University of 
Connecticut along the lines of Animal Breed- 
ing is the one scheduled for March 27-31, on 
Artificial Insemination. It is a practical course 
for cattlemen who want to master the tech- 
niques of semen collection, evaluation, and 
processing and insemination techniques. Fur- 
ther information on it can be obtained by 
contacting A. I. Mann, Director, Ratcliffe 
Hicks School, University of Connecticut, 


Storrs, Connecticut. 


Minnesota 
4-H Boy and Girl Named Holstein Winners 


JoaN Prerson, 18, Lake Elmo, and Mark 
From, 19, Kenyon, have been named state 
champions in the 4-H Holstein contest for 
1960 in Minnesota. 

They were selected outstanding 4-H Hol- 
stein club members on the basis of the herd 
of Holsteins they have started, the records 
they have kept, and their leadership. They 
will receive merchandise awards from the 
Minnesota Holstein-Friesian Association, spon- 
sor of the annual contest, at the annual meet- 
ing of the organization. 

Between them, they have won 12 champion- 
ships on Holsteins, 10 reserve championships, 
and several dozen blue ribbons. Both have 
held offices of president and vice-president 
of their local 4-H clubs. As junior leaders 
they have been active in helping younger 
members in dairy projects. 


1961 Student Honor Awards in 
Dairy Technology 


Three seniors in Dairy Technology at the 
Ohio State University were honored recently 
during the 44th Annual Convention of the 
Ohio Dairy Products Association. 

The title Dairy Tech Booster of 1961, and 
a eash award of $150, was presented R. J. 
Kuausine, of Lima, Ohio. This award, spon- 
sored by the Ohio Dairy Boosters Association 
Scholarship Fund, annually gives recognition 
to a student in Dairy Technology who has best 
displayed the leadership qualities expected 
of an ardent booster of the Dairy Industry. 
As president of the Student Dairy Tech Club, 
Mr. Klausing has led it to unusual success, 
and served as one of its representatives at the 
A.D.S.A. annual meeting in 1960. 

Two Dairy Technology seniors were co- 
recipients of the Robert B. Stoltz Dairy Tech- 
nology Award. This award also carries a cash 
value of $150, and is presented annually in 
recognition of outstanding scholastic achieve- 
ments. G. S. JascHecK, Columbus, and L. D. 
KNIERIEM, Elmore, Ohio, were honored by this 
year’s award. They were recognized for their 
performances in maintaining superior aca- 
demic records while entirely financing their 
own education. Both are married, and each 
has held one or more of the many scholarships 
available to students in the Department of 
Dairy Technology. They are student affiliates 
of the A.D.S.A., and were members of the 
1960 Dairy Products Judging Team. 





The Mareh meetings of the Central Ohio 
Dairy Technology Society and the Cincinnati 
Dairy Technology Society were held on March 
8 and 9, respectively. The featured speaker 
at each of these meetings was Mr. M. W. 
Hales, President, Cultured Products Division, 





JOURNAL OF DAIRY SCIENCE 5 


from 
Johnson & Johnson 
research 


APID-FIO 
VACULINE 











ee 
aot oe 


. engineered by Johnson & Johnson for in-a-line 
filters. Available in 496", 5” and 6” disks; or 23%” 
x 614” tubes. 


Tell your producers with in-a-line filters about new 
RAPID-FLO VACULINE—engineered for safe 
filtration and clean milk production, plus the extra 
benefit ofa RAPID-FLO® CHECK-UP for mastitis 
and sediment. 


FILTER PRODUCTS DIVISION Golon wfohmson 


4949 WEST 65TH STREET + CHICAGO 38, ILLINOIS 





6 JOURNAL OF 


Klenzade Products Ine. Mr. Hales’s topic was 
How Should Cultures and Cultured Products 
Be Handled in the Dairy Plant? He also 
presided over a cultured products clinie for 
which products were provided by those in 
attendance. 

The Dairy Technology Societies of North- 
east Ohio, and Maumee Valley met on March 
8 and 9, respectively, to hear Mr. Wayne 
Churchill, of the American Dairy Association 
diseuss the topic Sales and Sales Promotion. 
Mr. Churchill presented the 1961 merchandis- 
ing and advertising promotion of the Associa- 
tion, and diseussed other aspects of its fune- 
tion as well. 


The Dairy Tech Club of the Ohio State 
University held its annual dinner-dance at 
Lineoln Lodge in Columbus on February 4, 
1961. Forty-two couples, including nearly all 
faculty members and wives, attended the 
affair which was partially subsidized by the 
Club treasury through its many enterprises. 
These inelude a Christmas Cheese sale and 
the preparation and serving of lunches at 
such Department activities as the Annual 
Homecoming Brunch and the Dairy Technology 
Conference. Special recognition was given 
to the Club officers, scholarship holders, the 
Dairy Products Judging Team, and the win- 
ners of the 1961 Student Honor Awards in 
Dairy Technology. 


The 28th Annual Dairy Technology Con- 
ference of The Ohio State University, held 
February 7-9, was attended by approximately 
450 dairymen from Ohio and neighboring 
states. Fifty-four speakers and guest speaker 
chairmen were included on the program, which 
was divided into five sections, and had as its 
theme Problem Solving in Science and Man- 
agement. 

The Fieldmen’s Section oceupied two full 
days of presentation and discussions on timely 
areas. Three general sessions were held, with 
a fourth session being devoted to separate 
sections for fluid milk and manufacturing 
milk fieldmen. The high light of the general 
session was a symposium on pesticide and 
antibiotic residue and testing problems in 
milk. There was a lively exchange of ideas 
in the area of testing programs being used 


and ways of assisting the milk producer. 
Other areas covered included discussions on 


silage and pasture crops and the demonstra- 
tion of a new method for making automatic 
sediment tests on bulk tank milk. 

In the section for manufacturing milk field- 
men, the general theme was public relations. 
A panel diseused techniques available to the 
manufacturing milk industry for improving 
relations with their public. The fluid milk 
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fieldmen’s section was devoted to problems 
associated with bulk tanks. 

The Engineering Section of the Conference 
emphasized the rapid advance of the Dairy 
Industry with respect to equipment develop- 
ment for automation. In general discussions 
on automation, it was indicated that during 
the next decade the industry would progress 
long the lines of consolidating and modifying 
advances already in existence. The viewpoint 
of industry on advantages and pitfalls of 
automation were presented also. Recent ad- 
vances in other specific engineering areas re- 
lating to increased efficiency were discussed. 
Topies ineluded developments in dairy floor 
and wall materials, plastie containers for milk, 
and welded glass lines. The latter was ac- 
companied by several demonstrations of glass 


line welding. Another important phase of 
the Engineering Section was presentations 


on recent improvements in weighing and me- 
tering milk, using load cells and milk meters. 
The necessity of keeping track of the receipt 
and flow of milk within the plant was em- 
phasized. 





Mr. R. J. Sharkey, Detroit, Michigan, is shown 
responding to a question during the Engineering 
Section of the Ohio State University Dairy Tech- 
nology Conference. Other speakers on the platform 
are (left to right), Dr. P. H. Tracy, DeLand, 


Florida; E. D. Weber, Cincinnati, Ohio; D. A. 
Seiberling, Beloit, Wisconsin; G. Andrews, Flush- 
ing, New York; R. Balvin, Cedar Rapids, Iowa; 
E. A. Quist, Corning, New York; and Dr. L. R. 
Dowd, University of Connecticut. 


High lights of the Laboratory Control and 
Cultured Products Section included discussions 
of bacteriological techniques and_ keeping 
quality of Cottage Cheese, and a presentation 
on fluid milk detects and corrective measures. 
Other topics in this seetion dealt with cultures 
and problems in milk fermentations, the 
manufacture of cultured cream and dips, and 
an outline of research activities in the De- 
partment of Dairy Technology concerning 
antibiotics, spore-forming organisms, bacteri- 
ophage, buttermilk flavor, and lactic acid in 
Cottage Cheese. Automation was emphasized 
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in this section as well, by a diseussion of 
steps for automating Cottage Cheese opera- 
tions in large and small dairy plants. 

A special feature of the Management Sec- 
tion was a elinie on complete diet products 
and modified milks. The production and eco- 
nomie factors associated with such products 
were discussed, during which the importance 
of accuracy in nutritional claims and care 
in cost analysis was stressed. During a panel 
diseussion on labor relations, panelists rep- 
resenting labor, management and edueation 
agreed that an important problem in the years 
ahead is that of unemployment. The conelu- 
sion also was reached that many critical labor- 
management conflicts would be avoided if 
there were to be freer discussions by union 





Dr. I. A. Gould, Chairman of the Department 
of Dairy Technology, is shown reading the citation 
announcing the 1961 Student Honors Awards in 
Dairy Technology. Recipients of the awards are 
(left to right) George S. Jascheck and Lowell D. 
Knieriem, co-recipients of the Robert B. Stoltz 


Scholarship Award, Dr. Gould, and Ronald J. 
Klausing, recipient of the Ohio Dairy Boosters 
Association Scholarship. 


and management representatives at the time 
the given problem arises, rather than accumu- 
lating all of the individual issues and delaying 
discussion until contract bargaining times. 
In the Ice Cream Operation Section, there 
was considerable interest in a discussion of 
recent developments with regard to the Fed- 
eral Iee Cream Standards. Those aspects con- 
cerned with labelling requirements and re- 
duction of composition levels by bulky flavor- 
ing materials were stressed. A display of ice 
cream variegators and ice cream made from 
them illustrated a talk on desirabie production 
practices for this product. A diseussion of 
the latest developments in ice cream packages 
and packaging, particularly the new conveni- 
ence concept in half-gallon packages, was 
augmented by films showing such packages in 
production. The place of low-conversion corn 
sweeteners in the ice cream industry was a 
topic which, together with that of obtaining 


good fiavor quality, generated considerable 
discussion. The formal program was com- 


pleted by discussion on the Ice Cream Audit 
Program and the research on the Chemical 
Nature of Ice Cream Flavors now being con- 
ducted by the Department of Dairy Technol- 
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ogy. In addition, clinics on special ice cream 
flavors, and on chocolate ice cream samples 
used in the Department’s ice cream flavor 
research were held. 

Among the visiting speakers at the Con- 
ference, the following representatives of the 
Land Grant Colleges were present: Dr. L. R. 
Down, University of Connecticut; Dr. L. .G. 
Harmon and Proressor D. L. Murray, Michi- 
gan State University; and Dr. F. V. Kost- 
KOWSKI, Cornell University; Dr. P. H. Tracy, 
Professor, Emeritus, University of Illinois, 
and now a consultant to the Dairy Industry, 
also made several appearances on the program. 


Ohio 
Paul Luyster Awarded Prize at State Fair 
Pact Luysrer received first prize at the 
Ohio State Fair for his outstanding proficiency 
in making Cottage Cheese. He is a member 
of the Barnesville Dairymen’s Cooperative As- 
sociation. This is the second award to this 


organization. Mr. Luyster’s success is due to 
accurate control of time, temperature, and 
acidity during manufacturing operations. He 
believes that excellence in Cottage Cheese will 
contribute greatly to increased sales. 





Earl Poling of the American Dairy Association 
is shown at the left presenting the certificate to 
Paul Luyster, as Professor Kristofferson of The 
Ohio State University looks on. 


Completed Thesis 
M.S. Degree: 


Roy Date CassELL—Comparison of age con- 
version factors for Ayrshire butterfat records. 
West Virginia University. 


USDA Announcement 


Dairy Scientists in the U. S. to Participate in 
International Dairy Congress 

Plans for U. 8S. participation in the Six- 

teenth International Dairy Congress have been 

announced by R. H. Hopason, United States 

liaison officer for the Congress and President 

of the Ameriean Dairy Seience Association. 
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==Pennsan 


MODERN SANITIZER 


and CLEANER 


REMOVES and PREVENTS MILKSTONE 


An independent lab tested PENNSAN 
on nine farms producing Grade A raw 
milk. These trials plus successful farm 
experience fully prove PENNSAN’s 
effectiveness in removing and prevent- 
ing milkstone on equipment. 











PRESENCE OF PRESENCE OF 
PRODUCER MILKSTONE BEFORE MILKSTONE AFTER 

PENNSAN USE PENNSAN USE 

1 Yes No 

2 Yes No 

3 Very slight No 

4 Very slight No 

5 Yes No 

6 Yes No 

7 Yes No 

8 Yes No 

9 Yes No 














PENNSAN i is the superior bactericide serv- 
ing the needs of modern sanitization. 
It removes and prevents milkstone and 


films, works in even hardest water, 
does not corrode stainless steel . . . con- 
trols bacteriophages without affecting 
starter cultures. PENNSAN is a unique 
chemical. sanitizer—a new concept to 
serve more sanitizing and cleaning needs. 


Write now for free booklet to B-K Dept. 
PENNSALT CHEMICALS CORPORATION 
East: 3 Penn Center, Phila. 2, Pa. 

West: 2700S. Eastern Ave., Los Angeles, Cal. 


Pennsalt 


Chemicals 


ESTABLISHED 185C 
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It will be held in Copenhagen, Denmark, Sept. 
3-7, 1962. 

In preparation for the Congress, Dr. Hodg- 
son is inviting scientific and technical workers 
in the field of dairy science to submit papers 
to be included in the conference program and 
published in the proceedings. Dr. Hodgson 
is director of the Animal Husbandry Division, 
Agricultural Research Service, U. 8S. Depart- 
ment of Agriculture. Aiding him is a com- 
mittee of USDA dairy specialists. 

Early notification of proposed papers is 
essential for use of the Organizing Secretary 
of the Congress, Dr. Hodgson said. Scientists 
who wish to propose papers for the Congress 
are requested to notify the committee no later 
than May 1, 1961. Correspondence concern- 
ing proposals may be addressed to him at the 
Agricultural Research Center, Beltsville, Md. 
Information supplied should include title of 
the proposed paper, authors and their posi- 
tions and addresses, and the section of the 
Congress in which the paper should be in- 
cluded. 

Length of papers is limited to 2,000 words, 
according to the official Congress prospectus. 
Five copies of each manuseript in final form 
must be submitted by Sept. 1, 1961. In addi- 
tion, authors must supply on separate sheets 
five copies of an abstract not exceeding 200 
words in each of the official languages of the 
Congress—English, French, and German. 

The Congress program lists sections on 
milk production, fluid milk, butter, cheese, 
condensed milk and milk powder, dairy ma- 
chinery, ice cream, control and analysis, econ- 
omy and organization, and dairying in warm 
countries. 

The Danish National Committee of the In- 
ternational Dairy Federation, with the ap- 
proval of the Danish government, is organ- 
izing the 1962 Congress. Organizing Secretary 
is P. Kock Henriksen, XVI International 
Dairy Congress, Raadhuspladren 3, Aarkus, 
Denmark. King Frederick IX is patron of 
the 1962 Congress. 





News from Industry 
Borden Foods Company Promotes Three 


A. B. Erexson, vice-president in charge of 
research and development for the Borden 
Foods Company for the past three years, has 
been named vice-president in charge of pro- 
duction. J. O. Grom, who for the past three 
years has assisted Erekson, will assume ad- 
ministrative responsibility for the division’s 
research and development department. He 
will continue as an assistant vice-president 
of Borden Foods. 

J. F. Haute, formerly assistant director of 
the Research Centre of the Borden Foods 


Company at Syracuse, N. Y., has been named 
technical director of research and develop- 
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ment at the Borden Foods headquarters offices 
in New York City. 


Borden’s Acquires Caribbean Dairy 


Puerto Rico Dairy, Inc., one of the Borden 
Company’s international operations, has ac- 
quired Caribbean Dairy, Santuree, P. R. The 
acquisition was announced by R. L. McConnis, 
president of Puerto Rico Dairy. It involves 
the purchase of Caribbean’s business, machin- 
ery, and equipment, but no land. Caribbean 
Dairy, however, will continue to operate tem- 
porarily from its present plant. 


Cherry-Burrell Installs in Belgium 

The Cherry-Burrell Corporation of Cedar 
Rapids, Iowa, has shipped to Belgium the 
first continuous buttermaking system ever in- 
stalled in that country. 

The Cherry-Burrell system will produce 
2,000 pounds of butter an hour. The equip- 
ment will be installed in a creamery in Marche, 
Belgium. 


H. G. Hodges Joins De Laval Separator 


Company 

H. G. Hopges has been retained by The 
De Laval Separator Company as a consultant 

to its Dairy Engineering Division. 
For the past fifteen years, Dr. Hodges has 
been Supervising Veterinarian for the New 
York State Mastitis 
Control Program, which 


has national reeogni- 
tion for its effective 


work. As consultant to 
De Laval, he will be re- 
sponsible for evaluat- 
ing various milking 
equipment and milking 
methods. 
Dr. Hodges has had 
a lifetime of experi- 
ence in dairying. He 
was born and grew up 
H. G. on a dairy farm in east- 
ern New York State 
and was graduated from the New York State 
Veterinary College, at Cornell. He served 
overseas in World War I as a first lieutenant 
in the Veterinary Corps. Dr. Hodges was 
associated with the Borden Company as Field 
Veterinarian in charge of dairy cattle diseases 
and their relation to milk quality. He also 
served as an assistant chief veterinarian. He 
is active in many professional organizations. 
He is a member and former president of the 
New York State Veterinary Medical Associa- 
tion, and is currently New York delegate to 
the American Veterinary Medical Association. 
He is a member of the New York Association 
of Milk Sanitarians and chairman of its Mas- 
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DAIRY INDUSTRY PLANT TRAINING MANUAL 


Prepared by 


A Committee of the American Dairy Science Association 


OVER 1,200 COPIES SOLD TO DATE 


A sample of universal user satisfaction follows: CONTENTS 


Personally, I believe this book will be a  ggerion I states the objectives and require- 
great help to trainees, because the train- ments of the program. 

ing program is lacking in written material 

and depends too much on plant personnel Sgcrion II contains training schedules for all 
as a source of information and guidance. phases of plant operation for all types of 
By using this manual as a guide, the trainee plants. Many questions are asked for the 
will not have to depend on other people to trainee to answer before passing from one 
tell him what he should be receiving from phase of training to the next, and progress 
each phase of his training—very few of reports and rating forms are provided. 

them would be as complete as this written 

guide. I feel in any learning process, 4 Sger1on III covers management development. 
person must first find out what he doesn’t Many study projects are outlined which are 
know, if he is to receive the most of his not only essential to management develop- 
endeavor. This training manual is the best rent but may result in savings to the plant 


book I’ve seen in the dairy field for atrainee that will more than pay the cost of training. 
to find out what he doesn’t know. I don’t 


believe there are any limits to the benefits The Appendix contains a list of professional 
that could be derived from this book, if a and trade organizations and reference read- 
person has enough initiative to seek it out. jing publications. 
—Russell Roberts 
Trainee Sealtest Foods Copies will be needed by Plant Manage- 
Southern Division ment, Plant Supervision, Plant Trainees, 
Atlanta, Georgia Teachers, for a reference text. 


Postpaid Prices: 


$4.00 per single copy; $4.00, less 10% for 5 to 9 copies, one order; $4.00, less 15% for ten or 
more copies, one order. 


Payment to be sent with order. 


ORDER FORM 
Pepe: See torre 
American Dairy Science Association Deliver to: 
32 Ridgeway Circle 
White Plains, N. Y. Name__- ST SE TAP ete ay es ee 
ING 2s ee 


Please find enclosed $_.___.____---_ for ~-.-_-__ 


copies of the Dairy Industry Plant Training Manual. Address______------__------_.--__.-___--____. 
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KLENZ-METER’ 


Low Cost Water Chlorination with 
Simple and Positive Metering Pump 


Now every dairy farmer and small dairy can enjoy the many advantages 
of a reliably safe water supply with positive chlorination at the proper 
level. Costly equipment formerly necessory is now replaced with the 
new moderately priced Kienz-Meter —a diaphragm-type metering pump 
that provides accurate and precise feeding of Klenzade Liquid Sodium 
Hypochlorite into the water supply line. 
as well as a constant supply of chlorinated wash water for milking 


Assures safe drinking woter 


equipment. 


KLENZADE X-4 Liquid Sodium Hypochlorite 


Supplied in gallon jugs for feeding directly into Klenz-Meter, thence 
into water line. Klenz-Meter can be adjusted to feed from 1 cc per 
stroke upwards to desirable concentration. Low chlorine cost per year. 
X-4 is also ideal, in proper use dilutions, for sanitizing milking equipment. 
WRITE FOR LITERATURE, DEPT. 20C 







: BELOIT, WISCONSIN 
Systematized Sanitation ALL OVER THE NATION 
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titis Sub-Committee. Dr. Hodges also belongs 
to the International Association of Food and 
Milk Sanitarians and is a member of its Mas- 
titis Action Committee. Dr. Hodges will be 
located at De Laval headquarters in Pough- 
keepsie, N. Y. 


| Mrs. Dorothy McCann Returns to Thailand 


for Further Market Development Work 
Under DSI-FAS Program 

Mrs. Dorotuy L. McCann, who has been 
in the United States and Central America for 
several months, is returning to Thailand early 
in February to resume direction of the joint 
market development program of Dairy Society 
International and the Foreign Agricultural 
Service. Participating actively as third-party 
cooperator is the U. S8.-Thai owned Foremost 
Dairies (Bangkok) Ltd. 


Marketing Possibilities in Iran and Greece to 
Be Studied by DSI-FAS Dairy Products 
Team 

Current possibilities for widening the mar- 
ket for dairy products in Iran and Greece 
will be studied by an industry-government 
team under the cooperative market develop- 
ment agreement between Dairy Society In- 
ternational (D.1.S.A.) and the Foreign Agri- 
eultural Service (F.A.S.) of the U. S. 
Department of Agriculture. Representing DSI 
in the survey will be C. E. Stone, former 
secretary-manager of the American Dairy As- 
sociation of Michigan. The FAS member of 
the team is W. E. ScHouz, a marketing spe- 
cialist of the Dairy and Poultry Division of 
the USDA. 

The marketing survey is the first major 
activity under a new widely based Super- 
visory Agreement which enables the Society 
to establish regional headquarters in three 
areas from which market development activ- 
ities can be administered for four continents— 
Europa, Asia, Africa, and South America. 
Greece has been named a potential Mid-East 
headquarters country, with Iran falling within 
its administrative orbit. 


Dairy Techrology Societies 


Central Illinois—Speaker for the February 
8 meeting was Henry Breejen, Sales Engi- 
neering Department, Packaging Equipment 
Division, Ex-Cell-O Corporation, Detroit. His 
topic: New Developments in Packaging Equip- 
ment Materials for Milk. 

Kansas City—Subject of the February pro- 
eram was Sanitary Standards and Public 
Health. Guest speaker: Harold Thompson, 
Regional Milk and Food Consultant, Region 
6, U.S.P.H.S., Kansas City. 

Metropolitan—Program speaker at the Feb- 
ruary meeting was Francis X. Kobe, plant 
manager, Rockwood Chocolate Company, 
Brooklyn, New York, whose topic was The 
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Story of Cocoa and Its Applications in the 
Dairy Industry. 

North Carolina—Case Handling Costs in 
Fluid Milk Plants was the program topic for 
the month of February, with Dr. R. L. Sim- 
mons, Assistant Professor of Dairy Market- 
ing, Department of Agricultural Economies, 
North Carolina State College, Raleigh, as 
speaker. March meeting will feature Al 
Sehock of Nordies Foods Company, Sioux 
Falls South Dakota. His topic: Cottage 
Cheese—The Road to Dairy Plant Profits. 


New Appointments at Paul-Lewis Laboratories 


E. J. Beery has been appointed sales rep- 
resentative for Paul-Lewis Laboratories. <Ac- 
cording to C. B. Deprericu, Sales Manager of 
the Dairy Division, he 
will sueceed OSCAR 
KRAUSE, who plans to 
enter semi-retirement 
this March. 

Prior to joining Paul- 
Lewis, Beery owned 
and operated the Grass 
Lake Cheese Factory 
in Shawano County, 
Wiseonsin. He is a 
past president of the 
Wisconsin Cheesemak- 
ers Association and the 
Northeastern Cheese 
and Buttermakers As- 
sociation, and served as a director of the 
American Dairy Association of Wisconsin. He 
was one of the founders of the Wisconsin 
Cheese Foundation and is a director of this 
organization. In addition, he has been active 
as a leader in 4-H Club work and in various 
farm and agricultural groups. 

In his new position, Beery will represent 
Paul-Lewis in Wisconsin and Michigan, head- 
quartering out of his home in Clintonville, 
Wisconsin. 





E. J. Beery 


M. L. WiLtEMs has been appointed to the 
sales staff of the Dairy Division. According 
to CARL DEDERICH, 
Sales Manager of the 
Dairy Division, Wil- 
lems will represent 
Paul-Lewis in the Mid- 
west and South Central 
areas of the country. 
Mr. Willems attended 
State Teachers College 
in Racine, Wisconsin, 
and Iowa State College 
in Ames, where he ma- 
jored in Dairy and 
Food Industry. After 
leaving school he 
worked as a_ quality 
control field man for Kraft Foods, a position 
he held until his recent change. 





M. L. Willems 
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MAKE YOUR 
CHOCOLATE 


DRINK | 


A SALES [| 
LEADER 


Start with American Food’s Choc- 
olate Drink Concentrate! This fully 
prepared Dairy Powder contains 


all the necessary ingredients for 
making a delicious chocolate milk 
drink of the best quality possible. 
Made only of the finest cocoas, 
American Food’s concentrate re- 
sults in a chocolate milk drink with 
a taste-tempting color that’s so im- 
portant to sales appeal. And its 
“chocolatey” flavor and uniform 
body will keep your product sold 
all year round. You'll realize pro- 
duction savings, too, with this sim- 
rol Mee late Mateo} alolulicel Mm olaele lam 


American Food’s Chocolate Drink 
Concentrate comes in single or extra 
strength in pre-weighed bags for 
any size batch. Your first batch will 
convince you There’s no finer 
quality in chocolate milk drinks. 


Write to our Technical Service Staft 
for complete information 





— 


| 
r AMERICAN FOOD 


LABORATORIES, INC. 


1000 STANLEY AVENUE, BROOKLYN 8, N 
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SUCCESS WITH 
ROTATION 


Eliminate lost batches, save 
time, speed production. Use 
Numbered Blends and the 
Dairy Laboratories system 
of rotation that supplies high- 


week to keep aroma, body, 
flavor and production uni- 
form in all fermented milk 
products. 


FLAV-O-LAC 
FLAKES 


Write for details in our free Culture Booklet 









ALABE 2300 Locust Street 






CA Philadeiphia3, Pennsylvania 


Branches: New York «+ Washington, D.C. 


| est quality fresh culture every 


THE DAIRY LABORATORIES 
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Accurate profit-control is the job of Mojonnier Milk 
Testers for standardizing butterfat and total solids 


' content. « Mojonnier Testers have been a must for 


a 


profitable dairy operation over 45 years. « Fat Deter- 
mination accurate to .03 of 1%. Total Solids Tests 
accurate to 1/10th of 1%. 


Write for full details today 


MOJONNIER BROS. CO. 
4601 W. OHIO ST.,.CHICAGO 44, ILLINOIS 


Morommer, resrers 


STANDARD THROUGHOUT THE WORLD 
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FOR TECHNICAL HELP... 


in addition to supplying you with high quality 

chocolate flavorings and coatings for your ice 

cream, The Man From Blumenthal will gladly: 

1. Discuss prices and prevailing market conditions. 

2. Arrange for his laboratory to perform special 
services that can only be handled by a lab 
staffed with chocolate technicians and equipped 
with the latest analytical and pilot plant equip- 
ment to produce special types of chocolate 
for ice cream. 

3. Refer your problems to one of our consultants 
specializing in technical ice cream problems. 
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by you. 
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RESEARCH PAPERS 


AMINO ACID AND VITAMIN COMPOSITION OF SACCHAROMYCES 
FRAGILIS GROWN IN WHEY 


AARON E. WASSERMAN 
Eastern Regional Research Laboratory,’ Philadelphia 18, Pennsylvania 


SUMMARY 


Saccharomyces fragilis grown in a whey medium was analyzed for amino acid and 
vitamin contents. Qualitatively, the amino acid composition of S. fragilis was similar 
to that reported for other yeasts. The quantity of the individual amino acids, however, 
was greater in the whey-grown S. fragilis. Lysine, in particular, was present at the 
level of 11.14 g/16 g. N, compared to the range of 3.8 to 6.9 g/16 g. N found in other 
microorganisms. 

An extraction procedure applied to whole, dried S. fragilis cells removed 40% of 
the total weight and 28% of the N of the cell preparation. The amino acid composition 
of the residual protein fraction was the same as that of the whole cells, but the amounts 
of the component amino acids varied from 35% of the histidine to 100% of the serine 
and valine in the whole cell preparation. 

Thiamine, pyridoxine, riboflavin, niacin, folic acid, pantothenic acid, p-aminobenzoic 
acid, choline, inositol, and biotin were present in S. fragilis in concentrations within 
the ranges reported for other microorganisms. 





The role of dried yeast as a source of proteins, vitamins, and other growth 
factors in human and animal nutrition is well established. Generally, strains 
of Saccharomyces and Torulopsis yeasts have been used for food purposes. In 
addition to baker’s yeast and debittered brewers’ yeast, Saccharomyces yeasts 
have been grown in molasses and in unhopped grain media as primary yeast 
for food and animal feed. Torula yeast, although capable of good growth on 
molasses medium, has been used extensively in the conversion of carbohydrate- 
containing industrial wastes into protein- and vitamin-rich products (18, 19, 
23, 27). 

Whey produced in the manufacture of cheese has often been treated as a 
waste. However, in Germany during the protein shortage of World War II, 
attempts were made to grow Torula utilis (8) and Saccharomyces lactis (22) 
on whey. The propagation procedures involving these strains of yeast were not 
economically practical, and the use of whey as a medium for yeast growth has 
not been exploited commercially. Recently, a modified procedure for the 
growth of Saccharomyces fragilis on whey has been reported (29). In addition 
to utilizing the waste whey, thus reducing to some extent the increasingly im- 
portant problem of water pollution, the growth of yeast gives a product that 
might be used for animal feed and human diet supplementation. 

Analyses of the various strains of yeasts grown on different media indicate 
that, qualitatively, the amino acid composition of the proteins and the vitamin 
contents are the same. Quantitatively, the individual amino acid concentrations 
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appear to vary only slightly within a narrow range, regardless of the strain of 
yeast or the medium in which the yeasts are grown (5, 10). The vitamins, on 
the other hand, do show a wide range of variability depending on the concentra- 
tion of the particular vitamin, or precursor, in the medium, the synthetic 
ability of the yeast, and the growth conditions (21). 

The amino acid and vitamin composition of S. fragilis have not been re- 
ported previously. The concentration of the individual amino acids and vita- 
mins, however, should not vary considerably from the range of values found in 
the other yeasts. The data reported in this paper confirm the fact that the 
composition of S. fragilis grown in whey is similar to that of other yeast species 
used as a supplement in human and animal nutrition. 


MATERIALS AND METHODS 

Organism. The conditions for the growth of S. fragilis NRRL Y1109 have 
been described previously (29). The yeast, grown in Italian cheese whey in the 
pilot plant apparatus (28), was concentrated to a cream containing 15-18% 
yeast solids in a DeLaval separator. The yeast was washed twice with equal 
volumes of cold tap water and reconcentrated with the separator. The washed 
yeast was dried on a double-drum drier. 

Nitrogen. Total nitrogen was determined by hydrolysis of the sample accord- 
ing to a modification of the Koch-McMeekin method (14), followed by micro- 
Kjeldahl distillation into boric acid. 

Protein. The protein contents of the samples were calculated on the basis 
of N X 6.25. 

Fractionation. A yeast protein fraction was prepared by treating the dried 
yeast according to the procedure of Roberts et al. (20). Five-gram quantities 
of yeast were suspended successively, with continuous stirring, in 150 ml. of 
the following solutions: 5% trichloroacetic acid for 30 min. at 5° C.; 75% 
ethyl alcohol for 30 min. at 40-50°; ether-70% alcohol (1:1) for 15 min. at 
40-50°; 5% trichloroacetic acid for 30 min. in a boiling water bath. The sus- 
pensions were centrifuged between each solution, and the supernatant liquids 
discarded. The precipitates obtained after the hot 5% trichloroacetic acid 
treatment were resuspended in acid-alcohol, filtered, and washed on the filter 
with 300 ml. acid-aleohol, followed by an ether wash. The precipitates were 
air-dried. Three grams of a fluffy white powder were obtained from 5 g. of yeast. 

Hydrolysis. Amino acid analyses were carried out on dried yeast and yeast 
protein preparations hydrolyzed with 6 N HCl (0.25 ml. acid/mg dry weight 
of sample). The evacuated, sealed tubes containing the acid and sample were 
heated in an oil bath at 110° for 24 hr. The acid was removed, and the hydroly- 
sate dried and stored, in vacuo over PsO; and soda lime. 

Amino acids. The amino acid analysis was done by resin column chroma- 
tography according to Moore et al. (15). The dried protein hydrolysates were 
dissolved in citric acid buffer, pH 2.3, and aliquots placed on the short column 
for the determination of basic amino acids. The remaining amino acids were 


determined on the long column. 
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Vitamins. The following vitamin analyses of the dried yeast powder were 
carried out by the Wisconsin Alumni Research Foundation: choline (12), 
inositol (4), thiamine (3), vitamin Bg (4), riboflavin (3), niacin (3), folie acid 
(3), pantothenic acid (16), p-amino benzoie acid (PABA) (1), and biotin (31). 


RESULTS 
Amino acid composition. The amino acid composition of the whole cells of 
S. fragilis is shown in Column 1 of Table 1. Quantitatively, the amino acids of 


TABLE 1 


The amino acid composition of Saccharomyces fragilis, other microorganisms, and 
yeast protein fractions 


(The data are reported as grams/16 grams N) 





1 2 3 + 5 6 . 8 
Com- 
S. frag- 12 4 Pri- posite 
ilis S.frag- Brewers’ mary protein Strepto- Esche- 
whole ilis yeast * yeast * (6- Torula  coceus richia 
Amino Acid cells protein (av.) (av.) yeast ) utilis* fecalis* coli* 

Lysine 11.14 10.15 6.9 6.3 10.4 8.7 7.2 3.8 
Arginine 7.37 7.08 5.4 #5) 5.7 7.6 3.4 1.2 
Histidine 3.98 1.97 2.5 27 3.0 2.8 1.3 13 
Aspartie Acid 10.40 11.16 7.2 7.2 10.2 7.6 
Threonine 5.57 6.46 4.6 4.9 7.5 5.4 3.3 3.1 
Serine 5.21 6.96 4.2 4.2 7.3 1.9 
Glutamie Acid 15.24 13.26 10.9 10.9 7.9 14.5 10.1 
Proline 4.31 4.0 4.0 4.9 2.6 
Glycine 4,24 4.63 4.0 3.9 4.5 0.4 4.6 
Alanine 7.21 8.17 5.5 5.5 7.8 5.7 
Valine 5.72 7.78 4.9 4.7 8.0 6.3 4.5 6.1 
Methionine 1.57 1.24 1.3 1.4 2.0 1.8 1.9 2.0 
Isoleucine 5.05 6.00 4.3 3.9 6.1 7.9 4.1 4.3 
Leucine 9.60 6.0 5.3 8.0 7.5 4.7 8.3 
Tyrosine 4.57 3.42 3 3.4 4.1 2.2 
Phenylalanine 5.05 5.39 3.0 3.2 4.4 5.1 2.8 2.8 
Nitrogen 7.97 9.59 7.8 8.3 8.9 7.6 13.2 12.0 
Reference (6) (6) (6) (13 (25) (2) 








“These analyses are of whole cell preparations. 


S. fragilis compare well with the average concentration of amino acids in 12 
strains of brewers’ yeast (Column 3), four strains of yeast grown expressly for 
feed or food purposes (Column 4), and 7’. utilis grown on wood sulfite waste 
liquor as a feed yeast (Column 6). For the most part, the concentration of the 
amino acids is somewhat higher in S. fragilis. It is interesting to note that the 
concentration of lysine is considerably greater in S. fragilis than in the other 
yeasts. This factor may be of importance in considering S. fragilis as a dietary 
supplement, particularly in view of the importance of lysine in nutrition. 

The amino acid analysis of the whole yeast cell does not represent the com- 
position of the true yeast protein. The protein contents of the whole cell is 
generally computed from the total nitrogen determination (N X 6.25). The 
total nitrogen, however, includes nucleic acids, free amino acids, and nonprotein 
nitrogen compounds such as choline and glutathione. The pure protein may 








889 A. E. WASSERMAN 


actually account for only 64-67% of the total nitrogen (9), and can be deter- 
mined only after the removal of the extraneous nitrogenous matter. There is, 
however, no standard procedure for preparing purified yeast protein. Whole 
yeast cells have been treated in various ways with a number of solvents. The 
results of these treatments may be questionable with respect to the quantity 
of nonprotein nitrogen removed. 

A study was made of the protein fraction of S. fragilis. Five-gram aliquots 
of the whole yeast were extracted as deseribed in Methods. A 40% loss in solids 
resulted from this treatment. This protein fraction contained 9.59% of N, or 
60% protein. The fraction, therefore, was not pure protein. If the nonprotein 
nitrogen components had been effectively removed, the remaining protein may 
be combined with carbohydrate or lipids, both of which are present in the yeast 
eell. Analysis of the yeast protein fraction for amino acid concentrations yielded 
the results shown in Column 2, Table 1. The differences in the amino acid con- 
centration (based on 16 g. N) between the whole yeast cell (Column 1) and 
the yeast protein do not appear to be very great. 

The quantity of the amino acids extracted by the treatment was calculated 
as shown in Table 2. Total amino acid concentrations were determined for the 


TABLE 2 


Total, combined, and extractable amino acid content of Saccharomyces fragilis * 


Total Combined Extractable 
Amino Acid (ug.) (ug.) % total 

Lysine 266 183 3 

Arginine 175 27 27 
Histidine 96 34 65 
Aspartic Acid 260 200 23 
Threonine 138 116 16 
Serine 130 126 3 
Glutamie Acid 377 239 37 
Glycine 105 83 21 
Alanine 179 147 18 
Valine 142 140 1 
Methionine 39 22 43 
Isoleucine 125 108 13 
Tyrosine 114 62 46 
Phenylalanine 125 97 22 


‘Total amino acids in 5 g. dried S. fragilis prior to extraction described in Methods. 
Combined amino acids are the residual amino acids in the 3 g. material remaining after treat- 
ment. Extractable amino acids inelude the free amino acid pool, polypeptides, and soluble 
proteins. They are determined as the difference between the total and combined amino acids. 


5 g. of yeast prior to extraction. The yeast protein amino acids, or combined 
amino acids, are the residual amino acids in the 3 g. of material remaining after 
extraction. The term combined amino acids is used to include any amino acids 
that may be complexed with carbohydrates or lipids, as well as the pure protein 
material. The differences between the total and combined amino acid values are 
the extractable amino acids. This fraction should include the components of 
the free amino acid pool, polypeptides, and soluble proteins. 

The range of concentration of the extractable amino acids of S. fragilis, 


grown in whey medium under the given conditions and extracted as described, 
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varies considerably, from essentially no serine or valine to 65% of the total 
histidine present in the yeast. Approximately 45% of the methionine and 
tyrosine, and about one-third of the lysine and glutamie acid were extracted. 
The other amino acids were soluble in the treatment solutions to the extent of 
13 to 27% of their total concentrations. 

Vitamin composition. The vitamin composition of S. fragilis is shown in 
Column 1, Table 3. The concentration of the vitamins in S. fragilis compares 
well with that reported for other yeasts (Table 3). 


DISCUSSION 

S. fragilis can be grown in a whey medium to contain 50% protein. The 
strain of yeast and the medium on which it was grown have no influence on the 
amino acid composition of the protein and only some slight effeet on the con- 
centration of the various amino acids. The amino acids in S. fragilis do not 
differ from those found in other yeasts grown in various media, and the amounts 
of the amino acids fall, for the most part, within the range observed for other 
yeasts. S. fragilis, in common with most of the yeasts used for food purposes, 
is low in S-amino aeids. 7’. utilis grown in sulfite liquor also was low in S-amino 
acids and had to be fortified with methionine to give values comparable to 
casein (11) in feeding tests. 

Analysis of the whole yeast cells for amino acid composition can yield mis- 
leading information about the protein structure. The quantity of some amino 
acids may be reduced through reaction with carbohydrates during acid analysis. 
On the other hand, the apparent concentration of the amino acids in the yeast 
protein may be greater because the free amino acids, and those liberated from 
polypeptides by acid hydrolysis, are also included in the determination of 
amino acids. The extraneous nonprotein nitrogen and carbohydrate compounds 
should be removed from the yeast to avoid these errors. There is no stand- 
ardized method for accomplishing this, and many procedures have been used 
(5). The method of Roberts et al. (20) has been used for the extraction of 
Escherichia coli and the materials removed by the various solvents were described 
in detail. Applying this procedure to S. fragilis removed 40° of the weight of 
the cell preparation and 28% of the nitrogen. The remaining material was not 
all protein; it may be protein combined with carbohydrate or lipids. The ex- 
tractable amino acids are of interest in view of their possible importance in 
protein synthesis. For instance, serine and valine are present entirely in the 
protein, or combined fraction, whereas 65° of the histidine in the cells is present 
as extractable amino acid. The other amino acids are present in the extractable 
fraction in varying concentrations. The total nitrogen contents of the yeast will 
vary. S. fragilis growing in whey alone may have a nitrogen content of 4.9%, 
whereas in the media containing 1% (NH 4)oSQOx4, the growing cells may contain 
8.2% N (30). Since the true protein fraction of the yeast will have the same 
amino acid composition and concentration under all conditions in whieh the 
yeast can remain healthy, only the amount of the amino acids in the extractable 


fraction can vary when the external N source is changed. The quantities of the 











(L) (LT) (LI) ( 1) (OT) saomo1azoy 
9-C'0 8° ok 0g (6/6w) joysouy 
t 19 (6/6w) esuatjoyp 
G'T-€0" FS-8'0 UT Lt-TT £6 Stet 0% (6/60) unyorg 
LOT-¥2 OF-CI OF-TI 13-LT BFS (6/61) proy dayozu9qoutuy-d 

GG O8c-0ST 98-GL OLE OST-98 a l9 (6/6n) ploy ormeqyoyueg 





















1-0 rE Of-6I 01S 1¢-4 sg (6/61) poy 107 
3G GRE-E6G 1ZO-( 069-GLE ¢’LIt GEs-O1s 0°08Z (6/6) worn 
89-¢ O8-Gs 19-#2 0°ot 0°98 (6/6n) utasepoqry 
cI-¢ OF L¥-83 cg 9ST (6/61) ourxopuisg 
cI 09-TT 0SZ-F0I CPL ¢"¢ eg-9 L'¥3 (6/6n) ourareryy, 
COM ysvok 18 $21)19n $11)N srpryn syooaf ULUTEYTA 

, SIoyeg , SIOMOIG D)NLO T Dj/NL0 T D/NLO T “Ss 


sysvok 1oq}o pue sipbouf soohimosnyoong JO wortytsodui0d uruTeyTA 


€ WIAVa 






GROWTH OF SACCHAROMYCES FRAGILIS IN WHEY 385 


amino acids in the extractable fraction may depend on the yeast strain, the 
composition of the medium, or the age of the yeast (24). 

It is of interest to note that in the column chromatography of the yeast 
protein, or combined, amino acids, a small peak appeared in the 35th 2-ml. 
fraction, before any of the amino acids were eluted. The material in this peak 
gave a red color upon addition of the ninhydrin developing reagent. A similar 
peak has been isolated and identified as levulinie acid in acid hydrolysates of 
bean and potato fractions by Zacharius and Talley (32). The identity of the 
yeast protein material has not been established. This peak was not observed in 
the acid hydrolysates of whole dried yeast. The extraction treatment given to 
the yeast apparently made the observation of this material possible by (1) con- 
centrating the material so the small quantity present could be detected, or (2) 
forming or exposing a precursor compound that yielded the unknown on acid 
hydrolysis. 

Although the vitamin composition of the yeasts appears to be constant, the 
concentration of the vitamins will vary depending on the yeast strain, composi- 
tion of the medium, or cultural conditions. Brewers’ yeast contains more 
thiamine than bakers’ yeast, as normally produced, but enriched bakers’ yeast 
with considerably more thiamine has been produced commercially (17). Since 
it is known that yeast absorbs thiamine from the medium, this enrichment can 
be accomplished by the addition of thiamine to the growing yeast, or to the spent 
medium of nonproliferating yeast (26). Whey contains very little thiamine 
(Table 3) ; therefore, the contents of vitamin B, in S. fragilis could be expected 
to be low. Although the vitamin value is comparable to other yeasts, S. fragilis 
could be enriched by the addition of thiamine to the medium. 

A further cause of reduced vitamin concentration is the yeast yield. In- 
creased yeast yields result in less vitamin per unit cell (21). It is possible, 
therefore, that under the conditions in which the S. fragilis was grown on whey 
for maximum yields, greater vitamin contents could not be achieved. 
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AND 
N. F. ALVARE anp N. J. ALVARE 


Philadelphia Dry Yeast Company, Philadelphia, Pennsylvania 


SUMMARY 


Saccharomyces fragilis was grown in whey medium in a pilot plant study. A flow 
diagram of the process is given and the equipment described. The oxygen absorption 
rate (OAR) of the propagator was determined by the sulfite oxidation method. Eighty 
per cent of the OAR found necessary in the laboratory to supply the oxygen demand 
of yeast growing under similar conditions could be obtained by modifying the propa- 
gator. The yeast yield was 75% of the theoretical value. The dried yeast product is a 
bland powder with a pleasant, cheese-like flavor. 





Whey, a by-product of cheese-making, can be used as a medium for the 
rapid production of a yeast suitable for the supplementation of human and 
animal diets. Wasserman, Hopkins, and Porges (6) reported maximum yeast 
growth in 4 hr., using raw whey and an inoculum of Saccharomyces fragilis 
equal on a dry weight basis to 25% of the weight of the whey sugar. High yields 
were dependent on the supply of sufficient oxygen to satisfy the demand of the 
yeast. Under the given growth conditions, the yeast required about 570 mg. 
oxygen/gallon medium/minute (4.75 mM Oc/L/min) at their peak demand 
perrod (4, 5). The yeast can only utilize dissolved oxygen, and the relation 
between yeast yield and the oxygen absorption rate of the propagation equip- 
ment has been reported (5). 

The data reported in this paper show that the growth of S. fragilis in whey 
medium in a pilot plant operation of approximately 800-gal. volume could be 
successfully based on the results of the 500-ml. and 15-liter laboratory propa- 
gators reported by Wasserman et al. (4, 6, 7). 


METHODS AND MATERIALS 

S. fragilis, a lactose-utilizing yeast, was grown in raw Italian cheese whey 
obtained through the courtesy of the M. Maggio Company, Philadelphia, Pa. 
The whey was supplemented with 0.5% quantities of (NH4)2SO4, KeHPO,, and 
dried Brewers yeast. The pH of the medium after the addition of the salts was 
approximately 5.5, which is within the optimum pH range for maximum yeast 
yields. The conditions for growing the yeast were the same as those previously 
described for S. fragilis growth in the laboratory propagators (4, 6, 7). 
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Propagation apparatus. A steel storage tank, 5 ft. in diameter and 12 ft. 
8 in. high, was converted into a yeast propagator. The agitation-aeration unit, 
designed and constructed by the Walker Equipment Company,” was a six-blade 
turbine suspended from the top of the tank and powered by a 714-h.p. motor. 
The turbine rotated at 300 r.p.m. In operation, the power supplied by the motor 
was inadequate, but a more powerful motor could not be used because of difficul- 
ties in keeping the medium in the tank under the described conditions. A 
Spencer turbo-compressor,” rated at 360 ¢.f.m. at 5 p.s.i. gauge, supplied air 
through jet orifices mounted on a sparger ring beneath the agitator. Tempera- 
ture control of the medium was effected by passing cold water (40° F.) through 
118 ft. of copper tubing (11% in. o.d.) arranged in a coil within the tank. 

Although the tank was rated to contain 1,600 gal., only 700-800 gal. of 
medium were actually used in the propagation of the yeast, leaving about 50% 
of the tank capacity as head space to accommodate the increased volume of the 
emulsion created by aerating and agitating the medium. 

Analytical determinations. The oxygen absorption rate (OAR) of the 
propagation equipment was determined by a modification (2) of the sulfite 
oxidation method of Cooper, Fenstrom, and Miller (1). 

The course of the yeast growth was followed by periodic determinations of 
the dry weight of the yeast, and the disappearance of lactose. A sample of the 
yeast suspension was taken from the middle of the tank and the yeast removed 
by centrifugation. The dry weight of the veast was obtained after washing the 
cells once with distilled water, and drying overnight at 105° C. Lactose was 
determined by the method of Stiles, Petersen, and Fred (3) on the supernatant 
medium. For immediate information of the progress of the yeast growth, cell 
counts were made with a hemocytometer. Although it was known that cell 
counts were of doubtful accuracy, the rapidity of the determination made it 
a useful qualitative test. 

RESULTS 

OAR determination. Before an attempt was made to grow yeast in the 
propagator, the OAR of the equipment was determined to assure solution of 
sufficient oxygen for maximum growth. Eight hundred gallons of 1 N sulfite 
solution was placed in the propagator and the agitator blades were set at 25-in. 
diameter. The air throughput was 360 ¢.f.m.; lower air rates could not be used 
because the resistance of the solution was sufficient to stop the motor. Under 
the above described conditions, the OAR was 3.4 mM Os/L/min (418 mg. 
Oo/g.p.m.). Since the peak O. demand of the yeast was 570 mg. Oe/g.p.m. (4), 
only 72% of the required oxygen was dissolved by the equipment. To increase 
the OAR the apparatus was modified by reducing the diameter of the agitator 
blades to 23 in. and installing four steel baffles 90 in. long and 8 in. wide on 
the walls of the tank. The OAR rose to 4.0 mM O./L/min. Although this value 
was still below the Oso requirements of the yeast, the apparatus could not be 
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modified further at this time, and the yeast propagations were undertaken with 
the realization that maximum yields might not be achieved. 

Yeast propagation. The flow diagram for a simple yeast propagation opera- 
tion is shown in Figure 1. The raw, unheated whey and the solid medium in- 
gredients were mixed in the propagation tank, and the yeast inoculum—equal 
in dry weight to 25-30% of the weight of the whey lactose—was added. The 
inoculum may be grown in increasing volumes of whey or, as in this case, it may 
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Fig. 1. Flow diagram of the pilot plant process for propagating Saccharomyces fragilis 
on whey medium. 
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be a concentrated yeast cream from a previous tank. The pH of the propaga- 
tion was maintained at about 5.5 by the addition of concentrated HeSO, or 
NH,OH. At the conclusion of the experiment the yeast suspension was passed 
through a DeLaval separator * to concentrate the yeast to a 15-18% slurry. The 
yeast cream can be washed by suspension in water and reseparation as many 
times as necessary. The yeast cream was fed to a double drum dryer operated 
at a steam pressure of 85 p.s.i. gauge and rotating at 12 r.p.m. The dried yeast 
flakes were carried by a worm conveyor to a hammer mill to be pulverized, then 
to a bagging apparatus. 

The product was a light cream-colored powder with a bland, slightly cheese- 
like flavor. The intensity of the flavor can be controlled by the number of 
washes the yeast is subjected to prior to drying. 

Data for two typical batches of yeast grown as deseribed are presented in 
Table 1, and the course of a representative propagation is shown in Figure 2. 
Although the volumes of medium used were different (530 gal. for Batch 1 and 
800 gal. for Batch 2), all of the available lactose in Batch 2 had been utilized 
within 4 hr. and less than 0.5% still remained in Batch 1 at this time. The 
maximum yeast growth in both runs was achieved in 4 hr. Propagation beyond 
this time led to no further increase in yeast yield and could even be conducive 
to destruction of some of the yeast already formed. 

Laboratory data indicated that 0.55 lb. of dry yeast could be obtained per 
pound of lactose used (6). Thus, from the 182 lb. of sugar in Batch 1, 100 Ib. 
of dried yeast were anticipated, but 74 lb. were actually obtained. In Batch 2, 
the 242 Ib. of lactose should yield 133 lb. of yeast, and 105 lb. were actually 
found. A yeast yield of approximately 75% of theory, or about 0.42 lb. per 
pound lactose, was obtained. 

The factors involved in the decreased yeast yield were not determined. 
However, since laboratory-scale propagations in Italian cheese whey media 
resulted in yeast crops approximating the theoretical yields, the similar medium 
components in the 700-gal. propagator could be expected to yield an equally 
large crop of yeast. A direct correlation between the OAR of a propagator and 
the yeast yield has been demonstrated (5); therefore, if the quantity of dis- 


TABLE 1 


Representative balance sheet for the growth of Saccharomyces fragilis in whey medium 
in pilot plant equipment 


satch 1 Batch 2 
Volume whey (gal.) 450 600 
Lactose (4.86% of whey) (/b.) 182 242 
Lactose disappearing (/b.) 182 242 
Volume seed yeast (gal.) 81 150 
Weight seed yeast (/b.) 66 110 
Final volume in tank (gal.) 530 800° 
Gross weight of yeast yield (dry) (/b.) 140 215 
Net weight of yeast yield (dry) (lb.) 74 105 
Theoretical yeast yield (55% of sugar weight) (/b.) 100 133 
79 


% Theoretical yield 74 


‘ Fifty gallons of water added accidentally. 
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Fig. 2. Lactose utilization and Saccharomyces fragilis production in pilot plant Batch 2 
(see text). Lactose O—-————O; Yeast (net dry weight) @—————®. 


solved oxygen in the 700 gal. of medium were only 80% of the yeast require- 
ments, the observed decrease in yeast yield might be expected. 

To produce | lb. of dried yeast, 2.45 and 2.3 lb. lactose were required in 
Batch 1 and Batch 2, respectively. Approximately 0.27 lb. of each of the other 
medium ingredients was used per pound yeast. 

The data indicate that whey can be used as a medium for the batch produc- 
tion of yeast in good yield. Increased yields might be expected with a more 
efficient oxygen-dissolving system and conversion of the batch process into con- 
tinuous or semicontinuous operation. 
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QUANTITATIVE DETERMINATION OF LACTASE 


LENORE JASEWICZ ann AARON E. WASSERMAN 
Eastern Regional Research Laboratory, USDA, Philadelphia 18, Pennsylvania 


SUMMARY 

A simple and quick assay is described for the determination of the lactase activity 
of crude enzyme preparations. Results are available in 2 hr. from as little as 2 mg. of 
material. Fifteen minutes’ incubation at 37° C. is used for the enzymatic reaction on a 
pure lactose substrate. The lactase activity is related to the amount of glucose released 
by the hydrolysis, as determined by an enzymatic micro-method. The effects of substrate 
concentration, pH, temperature, and related factors are investigated. The assay pro- 
cedure was advantageously employed in a preliminary quantitative screening of lactase- 
producing organisms which could utilize whey in their growth. 

Lactase, the enzyme that hydrolyzes lactose to glucose and galactose, is of 
potentially great importance to the dairy industry. In the course of establish- 
ing a screening program to find the best microbial sources of the enzyme, it 
became apparent that a rapid, but sensitive, lactase assay was necessary. 

The few methods cited in the literature for testing commercial lactase are 
quite lengthy and complicated. In each, a 4-hr. hydrolysis step is followed by 
chemical determination of the hydrolysis products. The lactase acts upon a 
substrate of 30% condensed skimmilk in two of the methods (5, 9) and upon a 
10% lactose solution in the other (7). The resulting mixture of reducing sugars 
is extremely difficult to analyze, particularly in the presence of condensed 
skimmilk components. Potter and Webb (5) chose to determine the intensity 
of the molybdenum blue color caused by the glucose-galactose mixture and re- 
ported the degree of lactose hydrolysis. 

This paper describes some preliminary work on the production of crude 
lactase and presents a procedure by which small amounts of the crude enzyme 
preparations can be accurately analyzed in less than 2 hr. The enzyme reacts 
upon pure lactose for 15 min., then the hydrolysis products are analyzed for 
glucose by the specific enzymatic technique developed by Salomon'and Johnson 
(6). 

MATERIALS AND METHODS 

Propagation of organisms. Lactase is generally found in microorganisms 
growing in milk or other products containing lactose. Many organisms, there- 
fore, were isolated from such sources. These were propagated on a supple- 
mented whey medium prepared as follows: 

Cheese whey was autoclaved 15 min. at 15-lb. pressure and the precipitated 
proteins removed by filtration through cheese cloth. The clear solution was 
adjusted to pH 7.0 with concentrated KOH and again autoclaved. The pre- 
cipitated residue was removed by filtration through coarse paper. The follow- 
ing materials were added to the clear solution: 


(NH4)2SO, — 10% (w/v) 
KoHPO, -_— 0.5% ( w/v) 
Dry yeast extract — 01% (w/v) 
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The medium was adjusted to the desired pH and autoclaved in Fernbach flasks 
in 500-ml. volumes. These were inoculated with suspensions of cells washed 
from nutrient agar slants containing 0.5% lactose. The cultures were agitated 
18 hr. on a reciprocating shaker at 28° C. The heavy growths were centrifuged, 
the cellular residue washed with distilled water and recentrifuged. 


TABLE 1 
Optimum temperature for lactase activity 


&M glucose 


C. liberated 
20 13.9 
25 24.4 
30 33.4 
37 46.7 
45 41.2 


Preparation of crude lactase. lactase is an endoenzyme; therefore, whole 
cells exhibit very little lactase activity. It is necessary to treat the cells to 
release the enzyme. By destruction of the cell permeability with acetone, the 
total lactase activity is quickly made available for assay purposes. The centri- 
fuged cells were reconstituted in 200 ml. distilled water and slowly added to 
400 ml. cold acetone with constant vigorous mixing. After 15 min. in an ice 
bath, with occasional stirring, the treated cells were filtered through paper, 
washed first with 200 ml. cold acetone and then with 50 ml. ethyl ether. The 
crude material was air-dried on the filter paper and refrigerated in a desiccator 
until assayed. 

Yields of the crude enzyme preparations varied considerably. Many of the 
organisms were well adapted to growth in the whey medium and yielded many 
cells in 18 hr. A few did not. However, since only 10-50 mg. of a preparation 
was needed for the lactase assay, sufficient quantities were obtained. 

Enzyme assay. The procedure consists of two steps: (a) hydrolysis of pure 
lactose by the test preparation and (b) the micro-determination of glucose in 
the hydrolysis products. 

1. Lactose hydrolysis. A tentative lactose hydrolysis method was followed 
before the standard assay conditions could be established. The enzyme reaction 
is performed in test tubes in a water bath at 37° C. One milliliter of a 5% 
(0.139 .M) lactose solution in 0.1 M potassium or sodium phosphate buffer of 
pH 6.3 and 0.8 ml. of the buffer solution are mixed and equilibrated in the 
bath. Two-tenths milliliter of a distilled water suspension of the dried lactase 
(10 mg. per milliliter) is added, bringing the total test volume to 2.0 ml. After 
a 15-min. incubation period, the activity is stopped by heating the tubes in a 
boiling water bath for 5 min. The cellular residue is removed by centrifugation, 
and the supernatant is analyzed for glucose. 

2. Glucose determination. The composite reagent of Salomon and Johnson 


(6) is used for the determination of glucose. To 700 mg. o-tolidine dihydro- 
chloride in a few milliters of water add 150 ml. 2 M acetate buffer of pH 4.1-4.2. 
Dissolve 200 mg. glucose oxidase and 15 mg. horseradish peroxidase in a few 





DETERMINATION OF LACTASE 395 


milliliters of buffer (both obtainable from Sigma Chemical Company, St. Louis, 
Missouri.)' Add to the o-tolidine solution and make up to 300 ml. with the 
buffer. Filter to remove turbidity and store at 5° C. 

In the presence of glucose, the following reactions occur: 


; glucose oxidase : , 
Glucose ——————————> gluconie acid + HeOo 





peroxidase as 
H2Oo + reduced dye ———————> H.20 + oxidized dye (blue color) 


TABLE 2 
Laetase activity of various organisms 


Lactase units/mg 


Organisms dry weight 
Bacterium A 7.56 
3acterium B 13.4 
Yeast A 14.25 
Yeast B 19.8 
Aerobacter cloacae 2.89 
Escherichia coli 5.0 


Saccharomyces fragilis a3 

To determine the concentration of glucose in the lactase-hydrolyzed lactose 
solutions, 2 ml. of 1:20 and 1:40 dilutions of the supernatants are placed in 
test tubes. At the same time, a standard curve is prepared by diluting a glucose 
stock solution (1 mg/ml) to cover a range of 10-100 y glucose per 2 ml. One and 
a half milliliters of composite reagent is added to all the tubes, which are then 
incubated at room temperature (25 + 2° C.). Color development in the samples 
is visually compared to the standards at intervals. If the blue color developed 
is considerably deeper than the most concentrated standard, higher dilutions of 
the hydrolyzed supernatant are necessary. After 1 hr. the solutions are trans- 
ferred to cuvettes and read in a spectrophotometer at 630-635 mp. The amount 
of glucose present is determined from the standard curve. 

The Salomon and Johnson composite reagent gave consistent color develop- 
ment at 25° C., but incomplete color formation has been noticed at 30° C., 
especially in the absence of light. A new standard curve should be prepared 
for each new batch of composite reagent. Several reference standards should 
be included in each assay. 

RESULTS AND DISCUSSION 

Several factors of importance in the study of enzyme reactions were investi- 
gated in establishing conditions for the lactase assay procedure. The standard 
lactase preparation used was an unidentified bacterium isolated from a milk 
agar plate exposed to air. The organism grew well on whey medium and pro- 
duced lactase of high activity. 

Effect of substrate conccztration. The rate of the lactase reaction was 
studied as a function of the lactose concentration. The reaction mixture con- 
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sisted of 5 mg. crude enzyme in several concentrations of lactose in 0.1 M sodium 
phosphate buffer, pH 7.0. The results plotted in Figure 1 are for micromoles 
glucose liberated by 5 mg. lactase in 30 min. 

Effect of enzyme concentration. In enzyme assay procedures it is desirable 
that the relationship between the quantity of enzyme used and the amount of 
product released also be linear. Figure 2 shows this. Distilled water suspensions 
of the acetone-dried cells were used to hydrolyze solutions of 25 mg. pure lac- 
tose per milliliter under the conditions described. Saturation of the enzyme 
within this range of substrate did occur. From these data the choice of 1 mg. 
enzyme per milliliter of assay solution was justified. 

Effect of time. A straight-line relationship between the time allowed for 
lactase activity and the amount of lactose hydrolyzed was also desired. To 
ascertain whether this was achieved under standard assay conditions, a time 
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Fig. 2. The effect of enzyme concentration on the rate of lactose hydrolysis. 
curve was run using 1 mg. enzyme per milliter of assay solution. Samples were 
incubated, quickly inactivated, and measured for glucose formation at frequent 
intervals during a 2-hr. period. Figure 3 is a plot of these data. Although the 
rate of hydrolysis was linear during a 1.5-hr. period, it was decided to deter- 


mine the activity of the enzyme during the initial 15-min. period, when the rate 
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Fig. 3. Time course for hydrolysis of lactose by crude lactase preparation. 
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more closely represented the true reaction velocity. This would be of impor- 
tance with enzyme preparations of greater activity. 

Effect of temperature. The effect of temperature on the rate of lactase 
activity was investigated. Temperatures studied were those easily available in 
the laboratory. The lactose and buffer components of the reaction mixtures and 
the cell extracts were equilibrated separately at the selected temperatures for 
30 min. before mixing and timing the assay. Results given in Table 1 point to 
the selection of 37° C. for the standard assay conditions. The decline in en- 
zymatic activity at 45° C. may possibly indicate heat inactivation of the enzyme. 

pH and buffer. The optimum pH for lactase varies with the enzyme source. 
Cajori (1) reported an optimum of 5.4 to 6.0 for the intestinal lactase of dog. 
Cohn and Monod (2) selected a pH of 7.0 for FE. colt lactase (8-galactosidase ) 
activity, while Wallenfels et al. (8) observed maximum at pH 7.3. 

The optimum pH for the enzyme preparation used in these experiments was 
ascertained by using 0.1 .Z potassium and sodium phosphate buffers of various 
pH levels in the assay procedure. The 5% (0.139 M) lactose substrate and the 
lactase suspension were prepared in distilled water for these tests. Figure 4 
shows that maximum hydrolysis occurred with a pH range of 6.3 to 6.6. Since 
activity was sharply inhibited on either side of pH 6-7, a buffer of pH 6.5 was 
selected for the standard assay. 

It has been observed previously that the presence of the potassium ion 
strongly activated EF. coli lactase (2, 8). This was also found to be true with 











15 T I 
” 
Ww 
3 
s !Or- au 
s 
uw 
° 
o Sf = 
| 
an 
oO 
0 | | 





5.0 6.0 7.0 8.0 
PH 


Fig. 4. Effect of pH on lactose hydrolysis by crude lactase. 





DETERMINATION OF LACTASE 399 


the enzyme preparations tested in this study. When lactase preparations from 
two yeast and two bacteria were compared in 0.1 M sodium phosphate and 0.1 M 
potassium phosphate buffers, the activity in potassium phosphate was almost 
three times as great. 

As a result of the above studies the hydrolysis conditions for the standard 
assay of lactase were selected. One milliliter of a 5% (0.139 M) laetose solution 
and 0.8 ml. 0.1 M potassium phosphate buffer of pH 6.5 are mixed and equili- 
brated in a 37° C. water bath. Two-tenths milliliter of lactase suspension is added. 
After 15 min. at 37° C. the enzyme action is stopped by heating for 5 min. in a 
boiling water bath. The centrifuged supernatant is analyzed for glucose. 

A unit of lactase is defined as the amount of enzyme which will liberate 
1 wz of glucose from lactose in 15 min. at 37° C. 

Pazur (4) reported that lactose hydrolysis by lactase results in the forma- 
tion of varying quantities of oligosaccharides in addition to glucose and galac- 
tose, depending on the conditions of the hydrolysis. The effect of oligosaccharide 
formation in this determination was not investigated. It was assumed for the 
purposes of achieving a simple and rapid assay that a measure of the amount 
of glucose formed was also a measure of the degree of lactose hydrolysis. 

Use of standard assay in screening lactase producing organisms. A routine 
quantitative screening procedure utilizing the assay was initiated to detect 
lactase producing organisms that could grow on the modified whey substrate. 
Both known and unidentified lactose-utilizing bacteria were grown on the sup- 
plemented whey medium under the conditions described. These were not the 
best growth conditions for each strain, so yields often were quite small. How- 
ever, even as little as 2 mg. of the acetone-dried lactase could be assayed. 
Yield of cells, therefore, was of no consideration in prejudging enzyme activity. 
After a potent lactase producer is revealed, its optimum growth conditions can 
be determined. 

Approximately 60 organisms were investigated in this preliminary study. 
Of these, 30 were able to grow on a whey medium and produced enough cell 
material to be assayed at 1 mg. per milliliter concentration. During the assay 
test all preparations that gave only a faint blue color in the 20-fold dilution 
were eliminated from further consideration. The enzyme activity of these 
organisms was less than one unit per milligram dry weight. 

Several organisms not yet completely identified give promise of being excel- 
lent producers of lactase from whey. These are compared with lactase similarly 
prepared from known organisms in Table 2. 
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INTERFACIAL TENSIONS OF LIPOLYZED 
MILK FAT-WATER SYSTEMS! 


A. H. DUTHIE,’ R. G. JENSEN, ann G. W. GANDER 


Department of Animal Industries, Storrs Agricultural Experiment Station, Storrs, Connecticut 


SUMMARY 


The average interfacial tensions (in dynes per centimeter) of control and lipolyzed 
milk fat-water systems were, respectively: extracted fat—5.4, 4.0, after removal of free 
fatty acids—5.9, 2.7, after removal of acetone insoluble lipids—11.8, 5.4, and after 
removal of monoglycerides (as part of 80% ethanol-soluble lipids)—24.4, 22.7. It 
appears that monoglyecerides decreased interfacial tension to some extent. 








Monoglycerides have been shown to be present in lipolyzed milk fat and the 
presence of diglycerides has been indicated (15-17). Herrington (14) has 
suggested that the effects of these two classes of surface active compounds should 
not be overlooked as contributing, along with free fatty acids (FFA) (21), to 
the reduction of surface tension occurring during the lipolysis of milk fat. 
Duthie and Jensen (9) found that additions of pure monoglycerides to milk 
reduced surface tension. Mono- and-diglycerides have been reported to be much 
more effective than either FFA or diglycerides alone in reducing the surface 
and interfacial tension of lipid systems other than milk fat (7, 10). It should 
not be overlooked that the surface activity of FFA in milk would be increased 
by the presence of fatty acid salts (2). 

Although monoglycerides are present in lipolyzed milk fat and are effective 
in reducing surface tension of milk, the effect of these compounds on the inter- 
facial tensions of milk fat systems has not been documented. While few data 
exist on interfacial tension of milk fat systems (3, 20), numerous investigations 
on interfacial tension between aqueous solutions and other fats are available 
(1, 4, 7, 10-12). For example, Feuge (10) noted that diglycerides in the pres- 
ence of monoglycerides were, on a weight basis, less than one-hundredth as 
surface active as monoglycerides. A concentration of as little as 1% of mono- 
glycerides in an oil phase lowered the interfacial tension to approximately one- 
half of that observed when no monoglycerides were present. A concentration 
of 6% monoglycerides lowered the interfacial tension approximately to zero. 

In a natural emulsion such as milk, it would be extremely difficult to measure 
the interfacial tension of the milk fat globule-serum system. Therefore, to 
measure the surface activity of milk constituents, the use of a simplified system, 
for example, butteroil-water, is necessary. A study of lipolyzed milk fat—water 
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systems, even though these are admittedly different from the fat globule—serum 
system in milk, should yield information on the effects of the surface active 
compounds released by lipolysis. Several of these substances, e.g., FFA and 
monoglycerides, can be removed by various methods. The purpose of this study, 
therefore, was to determine the effects of successive removal of several surface 
active substances, either present in milk fat or derived from lipolyzed milk fat, 


on the interfacial tension of milk fat—water systems. 


EXPERIMENTAL METHODS 


Preparation of samples. Homogenized, pasteurized 40% cream and raw milk 
were mixed in equal portions and stored at 4° C. for 48 hr. to previde a source 
of lipolyzed milk fat. Control samples were prepared by pasteurizing the same 
raw milk before mixing it with the cream; no storage was involved. The fat was 
recovered by silica gel extraction, using a 9:1 chloroform-ethanol mixture as the 
solvent (13, 16). The solvent was removed at reduced pressure with a flash 
evaporator, with the probable loss of some lower FFA. FFA were removed from 
an ether solution of the fat with the ion exchange resin IRA 400 (5). Mono- 
glyceride extracts were isolated by dissolving the fat in heptane (20% by weight) 
and partitioning it with 80% ethanol (5). Since phospholipids exert an influ- 
ence on interfacial tension, these compounds, together with other lipids insoluble 
in acetone, were removed from the extracted fat by acetone precipitation, 
although it was found that the 9:1 chloroform-ethanol extraction mixture only 
partially eluted the phospholipids from milk. 

Analytical methods. Fatty acids were determined by titration of an aliquot 
of the fat, and monoglycerides by the method of Jensen and Morgan (16). 
Lipid phosphorus determinations were made as described by Smith et al. (19). 
Interfacial tension was measured in 600-ml. beakers, with the samples main- 
tained at 56.5° in a constant temperature water bath, using a Cenco duNouy 
tensiometer, which had been previously calibrated to read directly in dynes per 
centimeter (2). For each determination, the beaker was filled to a height of 
several centimeters with tempered distilled water, the ring immersed in the water, 
the tempered fat sample carefully poured upon the water surface, and the inter- 
facial tension measurement taken within 2 min. 

Sample treatment. Control and lipolyzed fat samples were subjected to two 
sequences. Sequence I, in which five separate control and lipolyzed samples were 
employed, consisted of (a) analysis of the extracted fat for FFA, monoglycer- 
ides, and interfacial tension, (b) removal of FFA followed by determination 
of fatty acids, (¢) removal of acetone insoluble lipids, and (d) removal and 
analysis of monoglycerides. Each step was followed by an interfacial tension 
measurement on the fat sample. The fat was separated from the water with a 
separatory funnel, after making interfacial tension measurements. Sequence 
II, in which three samples were employed, consisted of the same procedure as 
I, except that the acetone insoluble lipids were removed prior to the FFA. 


Sequence II was carried out to determine if the presence of acetone insoluble 
lipids exerted an effect on the surface activity of the FFA. The removal of 
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FFA after the removal of monoglycerides, while obviously desirable, was not 
undertaken, because Borgstrom (5) has observed that FFA interfered with the 
partition of monoglycerides between heptane and 80% ethanol. 

Two additional studies were undertaken to explore the possible influence 
of 80% ethanol soluble lipids and of purified milk monoglycerides on the oil- 
water interface. Ethanol soluble lipids were added to the heptane fraction at 
the level of 0.35%. Milk monoglycerides were concentrated by silica-gel column 
chromatography (6, 18) to a purity of about 80% and added to the heptane 
fraction at a level of 0.69 mW per 100 ¢. fat. Interfacial tension measurements 
were made before and after the additions, as described above. Diglyceride 
fractions were not studied, because of the difficulty of measuring these 
compounds. 

RESULTS AND DISCUSSION 

It is evident from the results in Table 1 that the interfacial tension of 
lipolvzed milk fat was lower than that of the control milk fat. The relatively 
high ADV of the control samples may be attributed to the age of the 40% cream 
available at the time. As was anticipated, the removal of FFA in the control 
samples caused a slight increase in interfacial tension. Contrary to what would 
be expected, removal of the FFA in the lipolyzed samples resulted in a decrease 
in interfacial tension. However, the difference between the control and lipo- 
lyzed samples was not significant at P < 0.05, even though the difference between 
averages was larger than in the extracted fat. Becher (2) found that, as the 
concentration of FFA increased with respect to the other surface active com- 
pounds present in a system, surface tension decreased to a minimum and then 
increased. 

TABLE 1 


Effect of suecessive removal of free fatty acids, acetone insoluble lipids, and monoglycerides 
on the interfacial tension of milk fat-water systems 





Samples * 





Treatments Control Lipolyzed Significance ” 


Extracted fat 


Acid degree value 2.00 7.55 

Monoglyeceride ‘ 0.19 1.06 

Interfacial tension “ 5.4 4.0 0.02 
Removal of free fatty acids 

Acid degree value of recovered fat 0.31 0.26 

Interfacial tension 5.9 2.7 N.S. 
Removal of acetone insoluble lipids 

Monoglyceride of acetone insoluble lipids Trace Trace 

Interfacial tension 11.8 5.4 0.01 
Removal of monoglycerides * 

Interfacial tension 24.4 22.7 0.01 


* Average of five trials. 

> Determined by ‘‘t’’ test. Difference between control and lipolyzed samples. N.S. means 
nonsignificant. 

© Total monoglyceride content in mM/100 g. fat. 

“Dynes/em at 56 + 1°C. 

* As part of 80% ethanol soluble lipids. 
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When the acetone insoluble lipids were removed from both the control and 
lipolyzed samples, the increase in interfacial tension in the lipolyzed samples 
was 2.7 dynes per centimeter, as compared to 5.9 in the control samples. It was 
found upon analysis of the mixed acetone insoluble lipids, which comprised 
about 1.5% of the extracted fat, that this fraction had approximately 34 mg. 
of phosphorns per 100 g. of lipid. Since the acetone insoluble lipids contained 
only a small quantity of phospholipid, the question arose as to which of the 
lipid constituents removed by acetone precipitation caused the interfacial ten- 
sions to rise an average of 5.9 dynes in the case of the control samples and only 
2.7 dynes in the lipolyzed samples. The composition of the acetone insoluble 
lipids as determined by silica-gel column chromatography was triglyceride— 
trace, and phospholipid—3%. It, 





85%, diglyceride—12%, monoglycerides 
therefore, appeared that the phospholipids and diglycerides influenced the inter- 
facial tension. 

The 80% ethanol extraction, which removed the monoglycerides from lipo- 
lyzed milk fat, also removed some di- and triglycerides as indicated by the fol- 
lowing composition of the 80% ethanol soluble material: 10%—monoglycerides, 
70%—diglycerides, and 20%—triglycerides, as determined by silica-gel chro- 
matography. Although it had been assumed that the diglycerides had little effect 
on interfacial tension (10), the changes in interfacial tension brought about 
by removal of the 80% ethanol soluble lipids from the milk fat were interpreted 
as being attributable to both mono- and diglycerides. The influence of diglycer- 
ides was suggested in subsequent study, in which the addition of 0.35% of 80% 
ethanol soluble lipids to fat from which the FFA and monoglycerides had been 
removed, reduced the interfacial tension from 22.7 to 7.6. In contrast, when 
milk monoglycerides, concentrated to a purity of 80%, were added at the level 
of 0.69 mM per 100 g. of fat to the heptane fraction, the interfacial tensions 
were reduced only 3.9 dynes. The reasons for significant differences in interfacial 
tensions after removal of the monoglycerides may be due to diglycerides or to 
small amounts of monoglycerides, although analyses for the latter showed only 
traces. 

When the sequence of removal of acetone insoluble lipids was altered, as 
shown in Table 2, the relative effects on the interfacial tensions were changed 
from that in Sequence I. The reason or reasons for a lower interfacial tension 
of the treated extracted fat in the control samples in comparison to the lipolyzed 
samples are unknown. It could be due to the observed decrease to a minimum, 
then slight increase and leveling off of interfacial tensions in a system when the 
concentration of surface active compounds is increased (2). The surface ac- 
tivity of the 80% ethanol soluble lipids was again evident in this phase of the 
experiment. There was little difference, however, in either the control or lipo- 
lyzed samples when the 80% ethanol soluble lipids were removed. Apparently, 
the relatively smaller amounts of mono- and diglycerides in the control samples 
were effective in lowering interfacial tension. 

The butteroil-water system studied in this investigation is not the same as 
the milk fat-serum system; therefore, it is difficult to extrapolate the results to 
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TABLE 2 


Effect of successive removal of acetone insoluble lipids, free fatty acids, and monoglycerides 
on the interfacial tension of milk fat-water systems 











Samples * 





Treatments Control Lipolyzed 








Extracted fat 


Acid degree value 2.09 7.63 
Monoglyceride ” 0.22 1.18 
Interfacial tension ‘ 2.8 4.9° 


Removal of acetone insoluble lipids 
Monoglyceride of acetone insoluble lipids 0.08 0.26 
Interfacial tension 4.0 3.2 


Removal of free fatty acids 


Acid degree value of recovered fat 0.36 0.38 
Interfacial tension 5.1 §.7 


Removal of monoglycerides ° 
Interfacial tension 24.6 23.1 


* Average of three trials. 

” Total monoglyceride content in mM/100 g. fat. 
© Dynes/em at 56 + 1° C. 

“ Average of two trials. 

“As part of 80% ethanol soluble lipids. 





those conditions which might be present in natural milk. It was evident that the 

mono- and perhaps the diglycerides produced in milk fat by lipolysis reduced 

interfacial tension in the simplified system studied. Also, it seems likely that 
these surface active compounds would alter to some extent the interfacial tension 
of fat-serum systems in milk. Other surface and interfacial phenomena in milk 
also may be affected. 
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MILK POWDERS. V. EFFECTS OF THE INTERFACIAL 
TENSION OF BUTTER OIL IN POWDER ON THE 
WETTABILITY OF THE POWDER! 


B. E. BAKER anp E. R. SAMUELS 
Department of Agricultural Chemistry, Macdonald College of MeGill University 
Quebee, Canada 


SUMMARY 


Experiments have shown that a spray-dried, agglomerated milk powder containing 
approximately 25% low-melting (19-21° C.) butter oil fraction, has about the same 
wettability and dispersibility at 24° C. as a superior grade of instant skimmilk powder. 
The interfacial tension (oil-water) of this low-melting butter oil fraction was lower 
than that of higher-melting fractions which yielded much less wettable milk powders. 
This suggested that the interfacial tension of the fat may play an important role in 
wettability. 

Milk powders were prepared from homogenized mixtures of butter oil and condensed 
skimmilk. In one series of experiments surface active agents were added to the butter 
oil and in another series they were added to the condensed skimmilk. Wettability meas- 
urements on the various milk powders showed that the monoglycerides (Myverol) ex- 
erted a more pronounced effect on wettability when they were incorporated in the non- 
fat portion of the milk, and the Span and Tween preparations exerted a more pro- 
nounced effect when they were incorporated in the fat portion of the milk. The results 
showed that alterations in the interfacial tension of the fat component of a milk powder 
does not of itself exert a marked effect on wettability. 





In a previous publication Baker et al. (2) reported on the effects of the 
melting point of the butter fat contained in a milk powder on the wettability 
and dispersibility of the powder. It was shown that a milk powder containing 
a low-melting (19-21° C.) butter oil fraction had approximately the same 
wettability and dispersibility at 24° C. as did a superior grade of instant skim- 
milk powder. It has also been reported (6) that seum was not present on the 
milk reconstituted from this powder. 

Stone et al. (7) concluded from their studies on the self-dispersion of milk 
powders, in which the butter fat was replaced by corn oil, that the superior 
dispersibility of the powder was due to the circumstance that the fat was in 
the liquid state. However, Baker et al. (2) have shown that the wettability and 
dispersibility of powders containing various butter oil fractions did not bear 
a simple relationship to the circumstance that the fat component was liquid. 

Several workers (3-5) have studied the effects of surface active agents on 
the dispersibility and solubility of milk powders. The present paper deals with 
the relation between the interfacial tension of the butter fat component of a 
milk powder and the wettability of the powder. 


EXPERIMENTAL PROCEDURE 
Interfacial tension of butter oil fractions. Butter oil fractions (MP 19-21, 
22-24, 28-30° C.) were prepared by the method described previously (2). The 
Received for publication November 8, 1960, 
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Fig. 2. Effeet of temperature on the wettability of spray-dried agglomerated powders 


and on freeze-dried powders. 


interfacial tension (oil-water) of the fat fractions and of whole butter fat was 
measured by the following procedure. Distilled water (35 ml.) was placed in 
a 50-ml. beaker and the beaker was adjusted in position on the platform of a 
DuNouy tensiometer. The platform was raised until the platinum ring was 
just below the surface of the water in the beaker. Ten milliliters of liquid fat 
was then added to the beaker and the interfacial tension was measured. When 
the interfacial tension of supercooled fat was to be determined, the fat was 
heated to a temperature approximately 5° above its melting point and was then 
rapidly cooled to the desired temperature and the interfacial tension measure- 
ment was made before the fat had solidified. Figure 1 shows the effects of 
temperature on the interfacial tension of the four fat samples. It also shows 
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CONCENTRATION OF SURFACE ACTIVE AGENTS 
(GRAMS SAA/100 GRAMS POWDER ) 


Fig. 3. Effect of addition of surface active agents (Span, Tween) to the nonfat portion 
of the milk on wettability (Series 1). 


the effects of temperature on the wettability (1) of milk powders containing 
these fats. The powders were prepared by the method described previously (2). 
Comparison of the wettabilities of any two powders under the same conditions 
of temperature shows that the powder which has the higher wettability contains 
the fat of lower interfacial tension. 

Effects of surface active agents on the interfacial tension (oil-water) of 
butter oil. Appropriate quantities of several commercial surface active agents 
were placed in beakers (150 ml.) and sufficient quantities of butter oil were 
added to each beaker to give the desired concentration of surface active agent 
in the fat. The mixtures were stirred at 37° C. for 3 min. and then the inter- 
facial tension was measured by the procedure described above. Table 1 gives 
the results of this experiment. 

Effects of surface active agents on the wettability of whole milk powders. 


In the following experiments the powders were prepared by freeze-drying. It 
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TABLE 1] 


Interfacial tension of butter oil containing surface active agents 





Interfacial tension (dynes/em) (37° C.) 





Span 
Coneen- 60 + 
tration Tween 
of Span Tween 60 Myverol Myverol Myverol Myverol Myverol Sample 
S.A.A. 60 60 (50/50) (18-00) (18-06) (18-07) (18-40) (18-85) 26706 
f € c/ 
0.00 25.2 25.2 25.2 25.2 25.2 25.2 25.2 25.2 25.2 
0.02 18.9 12.5 11.5 19.2 21.1 19.2 21.1 21.1 21.8 
0.06 18.7 8.7 6.9 18.4 19.4 19.2 19.6 21.1 21.1 
0.10 17.8 6.1 5.9 17.8 18.1 18.3 19.2 20.8 1.1 
0.14 16.7 6.1 5.5 16.8 16.3 18.0 19.2 19.4 0.2 
0.18 16.0 6.0 5.5 16.0 16.0 17.3 19.2 19.2 19.0 
0.20 16.0 5.8 5.5 16.0 15.5 16.0 19.2 19.1 19.0 





Span 60 (Sorbitan monostearate), Atlas Powder Company Canada, Ltd., Brantford, Ont. 

Tween 60 (Polyoxyethylene sorbitan monostearate), Atlas Powder Company Canada, Ltd., 
Brantford, Ont. 

Myverol 18-00 (Distilled monoglycerides from fully hydrogenated lard), Distillation 
Products, Rochester, N.Y. 

Myverol 18-06 (Distilled monoglyecerides from fully hydrogenated vegetable oil), Dis- 
tillation Products, Rochester, N. Y. 

Myverol 18-07 (Distilled monoglycerides from fully hydrogenated cotton seed oil), Dis- 
tillation Products, Rochester, N. Y. 

Myverol 18-40 (Distilled monoglycerides from prime steam lard), Distillation Produets, 
Rochester, N.Y. 

Myverol 18-85 (Distilled monoglycerides from refined cotton seed oil), Distillation 
Products, Rochester, N.Y. 

Sample 26706 (Distilled monoglyeerides from refined safflower seed oil), Distillation 
Products, Rochester, N.Y. 





was realized that the resulting powders would not be as wettable as powders of 
the same composition prepared by spray-drying followed by agglomeration. 
Preliminary experiments were performed to check the differences between the 
wettability of freeze-dried milk powders and of spray-dried and agglomerated 
powders of approximately the same composition. The freeze-dried ‘powders were 
prepared as follows: Twenty-gram lots of butter oil were added to 100-ml. 
portions of condensed milk (40% solids). The mixtures were heated to 50° C. 
and then homogenized (Laboratory Homogenizer, ERWEKA, GMbH, Type 


TABLE 2 
1 


Composition of milk powders prepared by freeze-drying and by spray-drying 





Fat (%) Total solids (%) 








Products Freeze-dried Spray-dried Freeze-dried Spray-dried 
Product No. 1 22.0 24.5 95.2 95.1 
MP of fat 
19-21° C. 

Product No. 2 24.3 24.8 95.0 96.4 
MP of fat 

9-94° C. 

Product No. 3 21.9 25.3 96.8 95.8 


MP of fat 
33-35 C, 








412 B. E. BAKER AND E. R. SAMUELS 





20 + 16°C 20°C 


[SSN pS 
aot 
24°C 28°C 


0 PS _——— 




















-~-o~ 
Kx 
> 
a 32°C 36°C 
1 80-4 
v8) MYVEROL 18-00 =~ 
_ 
,. 60 4 MYVEROL 18-06 
- V 
> MYVEROL 18-07 -—— 
40 4 ; 
20 - 
a ll 
008 0.24 0.40 056 972 088 008 2.24 040 0.56 0.72 0.88 


CONCENTRATION OF SURFACE ACTIVE AGENTS 
GRAMS S AA/100 GRAMS POWDER ) 


Fig. 4. Effect of addition of surface active agents (Myverol) to the nonfat portion of 
the milk, on wettability (Series 1). 


KUI). The homogenized products were then freeze-dried (Virtis Laboratory 
Freeze Drier). The dried products were ground in a micro-sample mill (Pul- 
verizing Machinery Co.). The resulting powders were sifted and the fraction 
which passed through a 1.0-mm. sieve and did not pass through a 0.5-mm. sieve 
was used for the measurement of wettability (1). Butter oil fractions melting 
at 19-21, 22-24° C. and whole butter fat melting at 33-35° C. were incorporated 
in freeze-dried milk powder. The same fats were also incorporated in spray- 
dried and agglomerated powders by a method reported elsewhere (2). Table 2 
gives the results of the analysis of fat and total solids (Mojonnier) of the six 


products. 
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Fig. 5. Effect of addition of surface active agents (Span, Tween) to the fat portion of 
the milk, on wettability (Series 2). 

Figure 2 shows that the wettabilities of the spray-dried and agglomerated 
powders were higher than those of the freeze-dried powders. It may be noted 
that the spray-dried powder and the freeze-dried powder with the outstanding 
wettability characteristics were those that contained the low-melting butter oil. 

Two series of experiments have been performed in which the effects of the 
incorporation of surface active agents in whole milk powders, on the wettability 
of the powders, have been investigated. In the first series, the surface active 
agents were added to the condensed skimmilk prior to the addition of the butter 
fat (unfractionated) and homogenization and freeze-drying of the milk. In 
the second series, the surface active agents were added to the butter fat (un- 
fractionated). The butter oil was then mixed with condensed skimmilk; the 
resultant mixture was homogenized and freeze-dried. The freeze-dried products 
were ground and sifted as previously described. Figure 3 shows the effects of 
the addition of Span 60, Tween 60, and a mixture (50/50) of Span 60 and 
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Fig. 6. Effect of addition of surface active agents (Myverol) to the fat portion of the 


milk, on wettability (Series 2). 

Tween 60 (Atlas Powder Company, Ltd., Brantford, Ont.) to the nonfat portion 
of the milk (Series 1). Figure 4 shows the effect of the addition of Myverol 
18-00, Myverol 18-06, and Myverol 18-07 (Distillation Products Industries, 
Rochester, N.Y.) to the nonfat portion of the milk (Series 1). Figures 5 and 6 
show the effect of the addition of the same surface active agent to the fat portion 
of the milk (Series 2). 


DISCUSSION 


The addition of the monoglycerides Myverol 18-00, 18-06, and 18-07 to the 
condensed skimmilk or to the butterfat had little or no effect on the wettability 
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of the powders at 16, 20, 24, 28, and 32° C. At 36° C. the monoglycerides had 
an adverse effect on wettability when they were added to the skimmilk. The 
addition of Myverol 18-00 to the condensed milk had an adverse effect on wetta- 
bility at 36° C., whereas the addition of Myverol 18-06 and 18-07 tended to 
improve the wettability. 

The addition of Span 60 and Tween 60 to the condensed milk had little 
effect on wettability at 16, 20, 24, 28, and 32° C. and had an adverse effect on 
the wettability at 36° C. The addition of Tween 60 to the butterfat improved 
the wettability of the powder, whereas Span 60 under the same conditions had 
little or no effect. 

These experiences have shown that alteration in the interfacial tension of 
the fat component of a milk powder does not of itself exert a marked effect on 
the wettability of the powder if the fat component is not liquid. In the light 
of the fact that a milk powder containing a butter oil fraction melting at 
19-21° C. was very wettable at 24° C., and that interfacial tension of the fat 
was low, it would seem that the combination of two factors, namely, the physical 
state (liquid or solid) of the butterfat and interfacial tension of the fat, is 
important in determining wettability. 
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THE DENSITY OF MILK AT LOW TEMPERATURES! 
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Washington 25, D. C. 


SUMMARY 


The densities of a variety of herd milks from representative sources in the Washington, 
D. C., area were determined at low temperatures, to establish volume-weight relationships 
more accurately than was possible from existing data. 

Density measurements were made in duplicate over a range of 1 to 10°C. on 101 
samples of milk. Specially designed pyenometers, having a capacity of about 46 ml., were 
used in refrigerated water baths controlled to within + 0.02° C. The percentage of milk 
fat in most of the samples was determined by the Babcock method, and in the remainder 
by the Mojonnier method. The percentage of total solids in 85 samples was determined 
gravimetrically. 

The percentages of fat, total solids, and nonfat solids covered the following ranges, 
respectively : 3.1 to 6.4; 11.6 to 16.1; and 8.2 to 10.2. The range of densities at 0.95, 4.95, 
and 9.85°C. were, respectively: 1.0312 to 1.0386; 1.0322 to 1.0373; and 1.0298 to 1.0368. 

Formulas for calculating the density of milk were derived from the data by the 
method of least squares. The results emphasize that density is more closely correlated with 
the percentage of nonfat solids than with the percentage of fat in milk. 





Information on the density of milk having different percentages of fat for 
temperatures of practical interest has been available for many years. Values in 
tabular form (3) are used generally by milk processors for calculating the pay- 
ments for milk, and for estimating weight yields of dairy products from the 
volume in gallons and the percentage of fat by weight. The tables are based on 
a study of the density of milk which was made by Bearce (2) at the National 
Bureau of Standards about 45 yr. ago on a relatively few samples. Several values 
at low temperatures were not used, because they could not be satisfactorily in- 
eluded in the formulation of a simple equation for densities between 20 and 
50° C. Some doubt concerning the accuracy of the data was expressed in the 
report. This was attributed to some separation of fat in the samples during the 
experiments, and to the fact that the values for densities at low temperatures 
were obtained by extrapolation from the determinations made at 20° C. and 
higher. The suggestion was made that further work should be done using a 
method for determining density which would be more adapted to the nature of 
milk. 

Published information concerning the density of milk at low temperatures is 
rather meager. Wegener (15) reported values for pasteurized milk in the range 
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of 10 to 75° C., but did not inelude the effect of milk composition. Thomsen (14) 
constructed a table for calculating the weight of milk per gallon over the range 
of 36 to 160° F. (2.2 to 71.1° C.) which is based on a combination of the early 
data from the Bureau of Standards and those of Jacobson (5). He verified 
experimentally a random number of the values. Short (13) determined the 
density of raw milk between 10 and 45° C., and reported the variation of the 
temperature coefficient of density for milks of different composition. Recently, 
Whitnah et al. (16) investigated the density of milk and found a smooth curve 
for density vs. temperature near 4° C. The average temperature of maximum 
density was —5.20° C. 

Reliable density values are especially needed in the low temperature range, 
since milk is now largely stored in farm tanks and transported in tank trucks at 
temperatures near 40° F. (4.4° C.). Therefore, this investigation of the density 
of milk over the range of 1 to 10° C. was made in order to fill the void in the 
existing information, and to obtain data which are necessary for the preparation 
of density tables for practical use. Tables which give the density of milk at 
low temperatures in pounds per gallon for different percentages of fat and 
nonfat solids will be presented in another publication. 


EQUIPMENT AND MATERIALS 


Pycnometers. Densities were measured by the pyecnometer method, using 
specially designed pyenometers (Figure 1). A special feature is an upper cup 
which holds an excess of the sample above the orifices of the capillaries, thus 
permitting an automatic adjustment of the milk volume when temperature equi- 
librium is reached. The pyenometers were calibrated with double-distilled water 
at 0.95, 4.95, and 9.85° C. 

Constant temperature baths. Stainless steel water baths equipped with electric 
stirrers and certified mercury thermometers, and containing distilled water, were 
controlled to within + 0.02° C. A Beckman differential thermometer served in 
estimating the readings to 0.01°. The densities were determined in a room which 
was held at a constant temperature of 20° C. 

Milk samples. A total of 101 samples of mixed raw milk representing all 
months of the year were tested. Seventy-four were obtained from the U. S. 
Department of Agriculture herd at Beltsville, Maryland. These samples were 
mixed morning milk from four to six cows of the Holstein, Jersey breeds and 
cross-breeds of Holstein-Sindhi and Holstein-Jersey-Red Dane. The samples were 
cooled promptly to about 40° F. and 60 of them were held for from 4 to 6 hr. 
and 14 of them for about 24 hr. prior to starting the density determinations. 

Eleven samples were obtained from the University of Maryland dairy, nine 
from the University herd, and two from nearby farms. The University herd milk 
was mixed morning and evening milk from a herd of 75 cows, which comprised 
Ayrshire, Holstein, Jersey, and Guernsey breeds. Three samples represented 
milk held for about 17 hr. and the remainder for about 4 hr. at about 40° F. 

Ten samples supplied by the laboratory of the District of Columbia Depart- 
ment of Health came from milk shipped from Maryland and Virginia farms 
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within a radius of about 40 miles. The samples represented from 2,800 to 32,000 
lb. of farm tank or tank truck milk from two or more producers. These samples 
represented commercial fluid milk. It may be presumed that they consisted 
largely of Holstein milk, since it has been reported that approximately 85% of 
the cows in the District of Columbia milk shed are Holsteins (18). Information 
was not available for the tank-holding period of this milk. 

Six samples of Guernsey milk supplied by two District of Columbia dairies 
were from tank trucks which contained from about 4,300 to 8,400 lb. of milk. 
Four samples were from milk held about 24 hr. and two samples from milk held 
about 2 hr. at 40° F. 


Fig. 1. Design of pycnometer. 


EXPERIMENTAL METHODS 


Density determinations. Simultaneous density determinations were made in 
duplicate at two temperatures for each sample of milk: 54 were measured at 
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0.95 and 4.95° and 47 at 0.95 and 9.85° C. The occlusion of small air bubbles in 
the pyenometers was avoided by slowly pouring the first portion of milk into the 
funnel while the pyenometer was in a slanted position. The milk was allowed to 
overflow from the other capillary, and the level of milk in the cup was adjusted 
so that the orifices were immersed to a depth of about 2 mm. The cap was placed 
on the cup and the pyenometer immersed in the bath to the level of the milk m 
the cup. The design of the pyenometer facilitated rapid chilling of the milk; 
thus, the volume of milk rapidly attained a state of equilibrium. This arrange- 
ment and the gentle agitation of the milk in the cup caused by vibrations of the 
cooling equipment and stirrers tended to reduce any errors which might be due 
to the rising of milk fat in the cup during contractions of the milk. 

The filled pyenometers were held in the baths for a period of about 1 to 1.5 hr. 
for the density determinations. Subsidiary experiments indicated that fat in 
milk which had been previously cooled to about 40° F., and then held for about 
1 hr. in the refrigerated baths, was in a state of physical equilibrium; therefore, 
the milk fat was largely solidified, and its density was at a maximum during the 
determinations. 

After temperature equilibration, each pyenometer was raised slightly in the 
water baths, the cap removed briefly, and most of the excess milk in the cup 
withdrawn with a small rubber-tipped suction tube. The surface of the cup was 
cleaned with small pieces of lintless tissue which had been moistened with dis- 
tilled water—acetone solution (about 70:30) and wrapped around small bevel- 
ended wooden sticks, and finally with dry tissue. 

All weighings of the pyenometers were made at 20° C. with an analytical 
balance. The weights were calibrated by comparison with standard weights, 
certified by the National Bureau of Standards. A correction for the air buoy- 
ancy was applied to the apparent densities. A tare pyenometer eliminated any 
correction for the vessel itself, and the effects of variations in the humidity and 
temperature. 

Determinations of milk fat and total solids. Gravimetric determinations of 
the percentage of fat were made on the first 16 samples by the Mojonnier method 
(9), and the Babeock method (1, 8) was employed for the remainder, on which 
solids also were determined. Accurately calibrated Babcock bottles and pipettes, 
certified by the Dairy Inspection Service of the State of Maryland, were used. 
The fat readings were estimated to 0.05 per cent by means of an illuminated 
reader with a magnifier. The percentage of total solids was determined by the 
Mojonnier vacuum-oven method (9). The determinations were carried out in 
duplicate. 

RESULTS 

The data before analysis are not presented here because of their number. 
Photostats of the tabulated results can be obtained by writing to the author. 

The relationships between density and percentages of nonfat solids, fat, and 
total solids at 0.95° C. are shown in Figures 2, 3, and 4, respectively. Only the 
results obtained at 0.95° are presented in detail because all of the samples were 
tested at this temperature; whereas, only about half of them were tested at 4.95° 
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Fig. 2. Relationship of density to percentage of nonfat solids. 
and the other half of them at 9.85° C. Furthermore, in general, the results at 
4.95 and 9.85 were similar to those obtained at 0.95° C., except for a slight 
difference due to temperature. 
It should be noted that the density values in relation to nonfat solids (Fig- 
ure 2) are much closer to the line than those in relation to either fat or total 
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Fig. 3. Relationship of density to percentage of fat. 
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Fig. 4. Relationship of density to percentage of total solids. 


solids (Figures 3 and 4). Also, the density was affected as much by a 20% 
difference in nonfat solids content as by about a 123% difference in fat or by 
about a 44% difference in total solids over the range of these measurements. 

A number of the tank truck samples gave anomalously low values for density 
and total solids, perhaps indicating the presence of extraneous water. 


STATISTICAL ANALYSIS 


On the basis that density can be expressed as a linear function of tempera- 
ture and percentages of fat and nonfat solids over a short range, the’ best fitting 
function can be determined by the method of least squares. 

If only the percentage of nonfat solids is considered, the function is: 

D= __ 1.006830 — .000179 T + .003144 N (1) 
Where D = density in gram/milliliter 
T = temperature in degrees C. 
N = percentage of nonfat solids in the milk. 
The 95% confidence limits on densities estimated by this formula are 
D + .000875. These narrow confidence limits result from’ a 2.25-fold 
reduction in the standard error. 


When only the percentage of fat is considered, the similar function is: 
D = 1.028863 — .000195 T + .001432 F (2) 
Where F = percentage of fat in the milk. 
The 95% confidence limits on an estimate of density by this function, 
used as a formula within the range under investigation, are approxi- 
mately D + .00198. 
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If the percentages of both fat and nonfat are considered, the best fitting 
function is: 
D = 1.003073 — .000179 T — .000368 F + .003744 N (3) 
The 95% confidence limits on densities estimated by this formula are 
D + .000812. 
It may be observed that there is but slight advantage in the use of the 
percentage of fat in addition to that of nonfat solids. 


If nonfat solids and fat are considered together as total solids (S), then the 
corresponding fitted function becomes: 
D = 1.021110 — .000188 T + .001046S (4) 
The 95% confidence limits on densities estimated by this formula are 
approximately D + .00154. It may be observed that this function does 
not provide an appreciably better estimate than the function which 
considers fat only. 


Comparison of results with published values. Values obtained by the extra- 
polation of Bearce’s data (2) below 20° C., as he suggested, were found to be 
about 0.3 to 0.4% higher than the densities for 3.5% fat milk calculated by 
Formula (2) for temperatures of 1, 5, and 10° C. His observed densities for 
2.5, 3.5, and 5% fat milks averaged about 0.2% higher over the temperature 
range of 0 to 10° than densities calculated by Formula (2). Bearce reported 
that the densities were in inost cases somewhat too large. 

The density of raw milk containing 4% fat and 9% nonfat solids calculated 
for 10° C. by the formula of Short (13) was about 0.13% lower than the density 
calculated by Formula (3). 

The average densities of pasteurized, and pasteurized and homogenized milks 
containing 4% fat and $% nonfat solids reported by Rutz et al. (12) for the 
temperature range of 0 to 8° C. were about 0.05% lower than densities caleulated 
by Formula (3). Whitnah et al. (16) published density values for pasteurized, 
and pasteurized and homogenized milks containing 3.6 fat and 9.1% nonfat solids 
at the temperatures of 3 and 5° which were 0.15 to 0.18% lower than densities 
ealeulated by Formula (3). 

Density values expressed in pounds per gallon in Thomsen’s table (14), for 
3, 4, and 5% fat milks at temperatures of 40 and 50° F., are almost identical with 
densities caleulated by Formula (2) and converted into apparent weights in 
pounds per gallon at these temperatures. 

The agreement between the density values for milk from various sources is 
noteworthy, when the variations in milk and its treatment, and the different 
methods used in determining density, are considered. This is especially true 
because of unavoidable variations in milk and in sampling it. Rutz et al. (12) 
found that the standard deviations for the density of milk from one herd of cows 
were large when compared with the estimated precision of measurement. It 
should be expected that such deviations would be even greater when samples of 
milk are obtained from various sources and under various conditions of sampling. 
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DISCUSSION 


The literature shows that the density of nonfat solids in milk at 10° C. is 
approximately 1.6 times that of water, whereas the density of milk fat is 0.93 
times that of water. Thus, the density of nonfat solids is 0.6 greater than water, 
and that of fat is only 0.07 less than that of water. Also, there is usually slightly 
more than twice as much nonfat solids as fat in whole milk. Thus, the nonfat 
solids are the most important constituents affecting the density of milk, and this 
is evident from the results obtained in this study, which show that density is 
more definitely correlated with the percentage of nonfat solids than with the 
percentage of either fat or total solids (Figures 2, 3, 4). Obviously, any table 
involving the volume and weight relationship of milk would have a higher degree 
of accuracy if the nonfat solids of milk, as well as the fat, were taken into 
consideration in its preparation and use. 

The composition and, hence, the density of the nonfat solids is correlated with 
the percentage of fat in milk. The density and the percentages of protein and 
ash increase, but the percentage of lactose decreases, with an increase in the per- 
centage of fat in milk. The ratio of lactose to protein increases about 46% as 
the percentage of fat decreases from 6.5 to 3.0 (10). Recent studies have indi- 
cated that the density of the nonfat solids decreases about 0.02 as the percentage 
of fat in milk increases from 3 to 6 (17). 

The density of milk fat also varies with its composition. The differences 
between the average maximum and minimum values for the density of milk fat, 
reported from several sources, varied between about 0.003 and 0.004 (6,7, 11). 

Temperature and its effect upon the physical state of the fat, and particularly 
the variations which occur in the ratio of the fat and the nonfat solids of milk, 
are major factors influencing density. Milk fat contracts slightly upon solidifi- 
cation when milk is cooled, and differences in specific gravity may be as great as 
().0002 for each per cent of fat in the milk, depending upon its temperature 
history (4). 
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ROLE OF XANTHINE OXIDASE IN THE REDUCTION OF RESAZURIN 
BY RAW MILK! 


J. J. R. CAMPBELL anp LYNETTE B. KEUR 
Dairying Laboratory, The University of British Columbia 
Vaneouver, British Columbia, Canada 


SUMMARY 


The addition to raw milk of a variety of substrates for xanthine oxidase resulted 
in an almost immediate reduction of resazurin. When no substrate was added, doubling 
the concentration of xanthine oxidase in raw milk by the addition of purified enzyme 
did not cause a significant increase in the rate of resazurin reduction, confirming the 
conclusion that the unavailability of substrate limits the reducing activity of this en- 
zyme. Milk from two cows which were very low in xanthine oxidase did show an in- 
creased reduction rate on the addition of the purified enzyme, but the final rate was still 
much too slow to have any bearing on the commercial grade of the milk. The pasteuriza- 
tion of milk destroyed the ability to reduce resazurin but had little influence on the 
activity of xanthine oxidase. The addition to milk of folie acid, a very effective com- 
petitive inhibitor for xanthine oxidase, failed to slow the rate of resazurin reduction 
significantly. All of these factors point to the fact that xanthine oxidase does not play 
a significant role in the reduction of resazurin by raw milk. 





Although the rate of reduction of resazurin by a sample of raw milk, in 
general, is an excellent measure of the bacterial content of the milk (5) and a 
useful aid in detecting excessive numbers of leucocytes (3), nonetheless there 
are other agents in milk which may contribute significantly to the reduction 
process (2). These additional agents can apparently cause the rapid reduction 
of resazurin in the absence of excessive numbers of bacteria or leucocytes. Since 
Schardinger’s pioneer work (9), milk has been cited as an excellent source of 
xanthine oxidase, an enzyme capable of reducing dyes such as methylene blue 
or resazurin. This enzyme is considered to be associated with the fat layer of 
milk and in particular with the lipoproteins of microsomes (7). Campbell and 
Phelps (2) found that the rapid rate of resazurin reduction, associated with 
milks of high leucocyte content, was not due to the leucocytes themselves but 
to some accompanying factor. Nilsson (8) has shown that mastitic milk, of high 
leucocyte content, was remarkably high in xanthine oxidase and in such milk 
the amount of enzyme was not a function of the fat content as was true of 
normal milk. 

The present work was undertaken in an effort to determine whether 
xanthine oxidase contributes significantly to the reduction of resazurin in raw 
milk of low bacterial content. 


MATERIALS AND METHODS 
Evening milk was collected immediately after milking and was stored over- 
night at 4° C. before being used, unless otherwise mentioned. The direct micro- 
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scope count for leucocytes and the Standard Methods Plate Count were per- 
formed routinely. The resazurin test was carried out by adding 5 ml. of milk 
to 0.5 ml. of standard resazurin solution in 14-mm. test tubes. The tubes were 
inverted three times and incubated in a water bath in the dark at 37° C. The 
milks were then mixed at hourly intervals by inverting the tubes. The Munsell 
7/4 standard was taken as the end point. When the end point was reached at 
from 11% to 2 hr., there was an error between replicates of + 10 min., at 3 hr. 
the error was + 20 min., and the error increased with increasing reduction time. 

Xanthine oxidase was assayed by determining the rate of conversion of 
hypoxanthine to uric acid (10). The rate of formation of uric acid was fol- 
lowed for a 10-min. period at 290 my in the Beckman DU spectrophotometer. 
A unit of activity is defined as that activity causing an increase in absorbance 
of 0.001 per minute at 25° C., pH 7.5. 

Xanthine oxidase was prepared from raw cream (4). Purification of the 
enzyme was pursued only as far as elution from aluminum hydroxide gel. 
Glutathione was added to the assay mixture in order to ensure maximum ac- 
tivity, and under these conditions the preparation contained 150,000 units of 


enzyme per milliliter. 


EXPERIMENTAL AND DISCUSSION 
Although milk is known to contain large quantities of xanthine oxidase, one 
would conclude from Schardinger’s experiments, in which he showed that the 
addition of formaldehyde to milk caused a rapid reduction of methylene blue, 
that it is deficient in substrate for this very nonspecific enzyme. To confirm 
this suggestion, a variety of known substrates (1) were added to milk containing 
resazurin and the reduction rates determined (Table 1). It is evident that if 


TABLE 1 


Influence of adding substrates for xanthine oxidase on the rate of reduction of resazurin 
in raw milk 














Substrate Reduction time (min.) 
Water 180 
Hypoxanthine 1 
Formaldehyde 2 
Adenine 7 
Inosine 8 
Vanillin 7 
Aldol 2 








substrates were available in milk, there is sufficient xanthine oxidase present 
to reduce resazurin in a matter of minutes. 

Another approach to this question was to increase the xanthine oxidase of 
milk by the addition of purified enzyme and observe the effect on the rate of 
resazurin reduction (Table 2). 

It is apparent from these data that there is no obvious correlation between 
the amount of xanthine oxidase in the milk and the rate of resazurin reduction. 
This observation has been confirmed, using a much larger group of animals. 
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TABLE 2 


Influence of increasing the xanthine oxidase content of raw milk on the rate of reduction of 
resazurin 


Xanthine oxidase (units/ml) 


Reduction time (min.) 








Milk plus Milk plus 

Cow No. Milk xanthine oxidase Milk xanthine oxidase 
1 396 696 125 110 
2 366 666 335 305 
3 342 642 305 280 
4 290 590 65 55 
5 280 582 160 145 
6 252 553 80 65 
7 210 510 140 135 
8 120 215 535 435 
9 


84 185 255 215 





The other conclusion is that, in general, doubling the xanthine oxidase content 
has little, if any, effect on reduction time for, with the exception of milk from 
cows numbered 8 and 9, the change is within the range of experimental error. 
However, milk from these last two cows consistently was low in xanthine oxidase 
and responded to the addition of this enzyme. The addition of higher conecen- 
trations of enzyme failed to further increase the rate of resazurin reduction. 
It would appear that at least in these two milks, which always had a very slow 
rate of resazurin reduction, the limiting factor in reduction of resazurin was the 
concentration of xanthine oxidase. None of the milks used in this experiment 
had greater than 13,000 bacteria or 500,000 leucocytes per milliliter. 

Xanthine oxidase is known to be a very heat-stable enzyme and advantage 
is taken of this fact in its purification. In spite of this, heating milk destroys 
most of its ability to reduce resazurin, as shown in Table 3. It can be seen that 


TABLE 3 


Influence of pasteurization on xanthine oxidase content and resazurin reduction time of milk 





Xanthine oxidase (units/ml) Reduction time (min.) 








Raw Pasteurized Raw Pasteurized 
Cow No. 1 528 564 240 >510 
Cow No. 2 300 258 90 >510 
Cow No. 3 258 228 105 >510 








the xanthine oxidase content of the milks was not significantly decreased by 
pasteurization, although the ability to reduce resazurin was lost. These data 
again point to the minor role that this enzyme plays in the reduction test, even 
when other agents like bacteria and leucocytes have been severely restricted. 

Although the data presented indicate that the concentration of xanthine 
oxidase in milk is normally not the determining factor in the rate of resazurin 
reduction, it is still possible that the rate at which substrates become available 
to this enzyme could be the rate-limiting factor. That is, the substrate or pre- 
cursors for substrates, such as nucleie acids and the enzymes which convert the 
precursors to substrates, could be limiting and could be destroyed by pasteuri- 
zation. The addition of ribonuclease and desoxyribonuclease to milk, however, 
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did not inerease the rate of reduction. The addition of a competitive inhibitor 
which would selectively inhibit xanthine oxidase would allow a determination 
of the role of all of the systems which contribute to the aetion of xanthine oxi 
dase in milk. Fortunately, Kalekar and Klenow (6) have shown that sueh an 
inhibitor is present in commercial preparations of folie acid 

In preliminary experiments designed to determine the effectiveness of the 
inhibitor folie aeid, at a final concentration of 0.63 mg. °%, was added to the 
reaction mixture in the xanthine oxidase assay and inhibition was measured by 
the decrease in uric acid production. 

Under these conditions, the xanthine oxidase activity of the purified enzyme 
or of milk was almost completely inhibited. However, this was when only one 
substrate, namely hypoxanthine, was used. It is possible that in milk, the normal 
substrate is an aldehyde and perhaps has a different site of attachment on the 
enzyme. To protect against such a possibility, a variety of substrates was used 
(Table 4). Two things may be coneluded from these data: The first is that the 


TABLE 4 


Inhibition of xanthine oxidase activity by folie aeid as evidenced by decreased resazurin 
reduction rate 


Reduction time (min.) 


Substrate Control Folie aeid added 
Water 105 115 
Hypoxanthine | 75 
Formaldehyde 2 80 
Adenine 7 115 
Inosine 3 105 
Vanillin 7 105 
Aldol 3 75 


addition of folic acid to milk had little, if any, influence on the rate of redue- 
tion. Secondly, the commercial folic acid is a very efficient inhibitor of xanthine 
oxidase, irrespective of which substrate is used. 

If the xanthine oxidase system is active in the reduction of resazurin in 
milk, the addition of folic acid should increase the reduction time. The data 
of the previous table were extended by determining this effect on the milk from 
seven additional cows (Table 5). Again, it would appear that xanthine oxidase 
does not play a significant role in the resazurin reduction test. 


TABLE 5 


Influence of folic acid on rate of resazurin reduction by raw milk 


Reduction time (min.) 


Cow No Control Folic acid added 
1 350 355 
2 70 70 
3 260 275 
4 105 115 
5 180 190 
6 80 80 
7 95 100 
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VARIATIONS IN THE HEAT STABILITY AND COMPOSITION OF 
MILK FROM INDIVIDUAL COWS DURING LACTATION ! 


DYSON ROSE 


Division of Applied Biology, National Research Council, Ottawa, Canada 


SUMMARY 

Milk samples from each of two cows were collected at intervals throughout a lacta- 
tion period and analyzed for heat stability (over a range of pH), various inorganic 
constituents, and seven protein constituents (by electrophoresis). 

With all except a few early-lactation samples, a sharp maximum in heat stability 
could be demonstrated by adjusting the pH over a narrow range, usually between 6.6 
and 6.7. The heat stability of the untreated milk appeared to be determined by the 
change in acidity (H* concentration) required to adjust the milk to the pH of maximum 
heat stability. 

When the data for both cows are considered, the heat stability of the originai milk 
was not correlated with any constituent(s) of the milk. The maximum heat stability, 
on the other hand, was significantly correlated with the ratios: Caleium Ion/Soluble 
Inorganie Phosphorus, Soluble Caleium/Soluble Inorganie Phosphorus, and Soluble 
Caleium plus Soluble Magnesium/Soluble Inorganic Phosphorus plus Soluble Citrate. 


Results of various workers have shown that although the heat stability of 
milk responds to trace additions of various salts it does not correlate with any 
known constituent of the milk, or with any combination of such constituents 
(7, 10, 23, 29, 34). It has also been shown that samples made by mixing milk 
from two individual cows do not behave in a predictable manner (4). Possibly, 
heat stability can vary with a multiplicity of factors, some of which may be 
ineffective in some milks. Bulk herd milks tend to achieve an average chemical 
composition, but they must also tend towards a maximum complexity so that 
no one factor exerts a detectable control over the heat stability. Milk from 
individual cows, on the other hand, varies considerably in composition (21, 29) 
and in heat stability (12,26) from day to day, but its complexity may actually 
be less than that of bulk milks. 

A recent intensive attempt to correlate the heat stability of milk with its 
chemical composition (33,34) includes data on samples from individual cows 
at different stages of lactation, but the reports do not identify the samples from 
any one cow throughout a lactation period. Much of the published data that 
do permit this comparison cover only short periods (26) or lack the heat sta- 
bility or other data (11, 12, 14, 21, 29). Further studies on the composition 
and heat stability of milk from individual cows were, therefore, undertaken. 
The results presented herewith extend earlier data on the composition of milk 
by including an electrophoretic analysis of centrifugally separated casein and 
serum at each sampling date. 


Received for publication November 11, 1960. 
‘Contribution from the Division of Applied Biology, National Research Council, Ottawa, 
Canada. Issued as N.R.C. No. 6188. 
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MATERIALS AND METHODS 


Milk samples. Milk from two Holstein cows was used in this study. Cow 
No. 1 (Ottawa Commander Aggie) freshened on October 25, 1958, and dried 
off August 9, 1959, having produced 12,202 lb. of milk during the 287-day 
period. She was in good health except for a mastitis infection treated success- 
fully (with neospan and penicillin) on the 50th day post-partum. She was 
barn-fed on hay, corn, and meal until the 212th day, then pasture-fed on legume 
and grass plus a meal supplement throughout the rest of the lactation period, 
except for 1 wk. (223rd to 228th day, inclusive) on oat pasture. 

Cow No. 2 (Ottawa Batty Virginia) freshened for her first lactation period 
on September 21, 1959, and dried off on July 16, 1960, having produced 7,604 
lb. of milk during the 300-day period. Throughout this period she was in good 
health, and was barn-fed on hay, silage, and meal. 

All samples were taken from morning milkings and defatted by centrifuga- 
tion. 

Methods. Raw skimmilk and ultrafiltrate, prepared as previously described 
(30), were analyzed as summarized in Table 1. The pH was determined at 
room temperature on a Beckman Model G apparatus with a general purpose 
electrode. 

Heat stability was determined as previously described (26) on the untreated 
skimmilk, and on series of samples in which the composition had been altered 
by small additions of either hydrochloric acid (0.1 N), sodium hydroxide (0.1 N), 
caleium chloride (0.1 M), or sodium phosphate (0.1 M mixture of mono- and 


TABLE 1 
Analytical methods 














Solution 
Component Fraction analyzed Method 
Caleium Total Skimmilk * Oleate (16) 
Total soluble Ultrafiltrate Oleate (16) 
Tonic Ultrafiltrate Murexide (30) 
Magnesium ” Total Acid serum of 
skimmilk lrucicate (18) 
Soluble Ultrafiltrate Erucicate (18) 
Phosphorus Total Wet ash (1) of | 
skimmilk 
Total soluble ” Wet ash (1) of 
ultrafiltrate Phosphomolybdate 
Total inorganic T.C.A. filtrate of 22) 
skimmilk 
Soluble inorganic Ultrafiltrate J 
Citrate Total Skimmilk ; Acetie anhydride- 
Soluble Ultrafiltrate pyridine (17, 19) 
Nitrogen As per Rowland’s procedure (27) Miecro-Kjeldahl, 


sodium sulfate— 
mereuri¢c oxide 
catalyst 


“With late-lactation milks, 
casein instability. 
"Cow No. 2 only. 











total calcium was determined in acid serum because of 
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di-phosphate, pH 6.7). The maximum addition was 1.2 ml/20 ml. sample, and 
tests showed that even this degree of dilution did not affect the shape of the 
eurve obtained by plotting the additive vs. heat stability. Dilution of the 
central samples of each series was, therefore, kept to a minimum by not adding 
water to adjust the whole series to an equal volume. All samples were equi- 
librated overnight before determining the heat stability and pH. 

For electrophoresis, casein and serum were separated by centrifugation at 
approximately 80,000 x g (Spinco Model L, No. 30 rotor, 30,000 r.p.m.) for 
1 hr. The sedimented casein was redispersed in veronal buffer (pH 8.3, ionic 
strength 0.1), and both the redispersed casein and the serum were dialyzed at 
4° C. for 48 hr. against two changes, of more than two liters each, of this buffer. 
After dialysis, the solutions were clarified by recentrifugation under the same 
conditions for 30 min.; if necessary, clear serum was withdrawn from beneath 
the cloudy lipid-containing layer. Electrophoresis was then carried out in a 
standard 11-ml. cell on a Spinco Model H apparatus, at 1° C., for 300 to 400 
min. at 10 ma. (approximately 78 V). 


TABLE 2 
Concentration of minor protein constituents 
(Hg. N/ml milk) 








Early Mid-laectation 

Cow lactation ————$$$$<—<—____—_ —_—~ Late 

Component No. (4th day ) Range Average lactation * 
y-easein 1 0.24 0.11-0.58 0.26 0.71 
2 0.37 0.17-0.24 0.20 1.48 
Immune globulins 1 0.36 0.06—0.14" 621° 0.61 
(Peaks 1 and 2) 2 0.80 0.08—0.20 0.12 0.89 
Blood serum albumin 1 0.07 0.02-0.10 0.04 0.16 
(Peak 7) 2 0.09 0.03—0.08 0.05 0.52 








. Two hundred and eighty-third of 287 days for Cow No. 1; 295th of 300 days for Cow 
No. 2. 

» Exeluding high values associated with mastitis infection. 

The relative area under each of the electrophceretic peaks was determined 
for the descending boundaries on squared-paper tracings; casein areas were 
delineated by extrapolation of the sides of the peaks, serum areas by drawing 
ordinates from the minima (cf. Figure 3). The areas were then expressed as 
ug. N per individual component of casein or serum by taking the appropriate 
percentage of casein nitrogen (total nitrogen minus noncasein nitrogen) and 
serum protein nitrogen (total serum nitrogen minus nonprotein nitrogen), as 
determined by Rowland’s procedure. Casein peaks were designated a, 8, and y, 
in the customary manner (6, 13); serum peaks were numbered 1 to 8 as sug- 
gested by Larson and Rolleri (15) and the Committee on Nomenclature (6), 
but Peaks 3, 5, and 8 (proteose peptones) were ignored. Good electrophoretic 
separation of the serum proteins was not always obtained, but the data are 
preferable to those obtained by earlier methods of chemical separation (3). 
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RESULTS 

Comper Results of the analyses of these milks are shown in Figures 

1 and 2, and Table 2. Most components were present in higher concentrations 
* early- and late-lactation than in mid-lactation milk. Exceptions to this 
general rule were: §-casein, which was normal in early-lactation and tended 
to be low in late-lactation milk; soluble inorganic phosphorus, which was low 
in late-lactation milks; and total citrate, soluble citrate, and soluble calcium, 
which tended to decrease progressively throughout the lactation period. 

In general, milks from both cows showed the same trends in composition 
for each component studied. However, the composition of milk from Cow 
No. 1 was much more variable than that from Cow No. 2. Also, the increase 
in coneentration towards the end of the lactation period tended to be more 
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Fig. 1. Changes in concentration of various milk proteins during the lactation cycle. 
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Fig. 2. Changes in concentration of various inorganic constituents during the lactation 


eycle. 


abrupt, for most components, in milk from Cow No. 2 than in that from Cow 
No. 1. 

Correlations between some of the protein components are given to Table 3 
(ef. (2, 25)]. 

Two anomalies in the protein composition of very late-lactation milks were 
noted: the concentration of y-casein exceeded that of 8-casein in the last sample 
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Fig. 3. Electrophoretic pattern for (A) mid-lactation (142nd day) and (B) very late- 
lactation (295th day) milk from Cow No. 2. 


from both cows (Figure 3) and the concentration of blood serum albumin (Peak 
7) exeeeded that of a-lactalbumin (Peak 4) in the last sample from Cow No. 2 
(Figure 3). 

Variation of heat stability with pH. Small changes in pH markedly affected 
the heat stability of raw milk from both cows (Figure 4), although the pH 
sensitivity of milk from Cow No. 1 was considerably greater than that of milk 
from Cow No. 2. Both milks usually exhibited a maximum? heat stability 
around pH 6.6 to 6.7 and a minimum around pH 6.7 to 6.9. Further additions 
of alkali increased the heat stability to very high values. The high pH-sensitivity 
of milk from Cow No. 1 was observed consistently during three consecutive 
lactation periods, and similar results were obtained with milk samples from 


*For convenience, the maximum obtained in this pH range is referred to throughout 
this paper as the maximum heat stability, although higher values were obtained as the pH 
was raised above 7.0. 


TABLE 3 
Correlations between protein components of milk 








Correlation coefficients 


Cow Cow Combined 








Components No. 1 No. 2 data 
Total casein vs. a-casein 0.97" 0.97* 0.97" 
Total casein vs. B-casein —0.15 0.24 —0.10 
Total casein vs. a-lactoglobulin 0.52* 0.83 * 0.65 * 
Total serum protein vs. a-lactalbumin 0.81* 0.78* 0.79* 
Total serum protein vs. 8-lactoglobulin 0.62* 0.91" 0.75" 





“Significant to 1% point. 
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Fie. 4. Effect of pH on the heat stability of milk. Figures beside curves—days of 
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other cows. Samples of bulk milk tended to give results similar to those for 
milk from Cow No. 2. With Cow No. 1, the shape of the curve was relatively 
consistent throughout the lactation period, but the pH at which the maximum 
occurred was not constant. Interpolated maxima were found from pH 6.59 
to 6.68 during the mid-lactation period, with an extreme range from 6.52 
(fourth day) to 6.72 (283rd day). With Cow No. 2, the pH-sensitivity was 
absent or insignificant (less than 0.5-min. difference between the maximum and 
minimum) until the 15th day, varied between 1.5 and 6 min. during the mid- 
lactation period, and decreased to insignificance again by the 295th day. The 
pH at which the maximum occurred varied from 6.65 to 6.79 during the mid- 
lactation period, with a high of 6.93 on the 281st day. 

The heat stability of the untreated milk from both cows varied widely 
during the lactation cycle, but the maximum heat stability was less variable, 
particularly with Cow No. 2 (Figure 5A). The amount of acid or base required 
to adjust the milk to the pH of maximum heat stability also varied from sample 
to sample (Figure 5B). The buffer capacity of all samples was essentially 
linear throughout the narrow pH range studied, but varied between 0.03 and 
0.06 pH unit per millimole of added acid or base. 

In agreement with published results (32), the heat stability of the samples 
was also affected by small additions of calcium chloride or of phosphate. How- 
ever, additions of calcium chloride increased the acidity of the samples by about 
0.04 pH unit per mM Ca/liter, and with most samples this pH change was suffi- 
cient to explain the change in heat stability. Data for a few samples suggested 
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that calcium had a specific effect in addition to its effect on pH, but the evi- 
dence was not conclusive. Addition of phosphate to samples which would attain 
maximum heat stability by an increase in pH (i.e., requiring added hydroxide) 
consistently increased the heat stability, and this change was not dependent 
upon pH. However, the increase in heat stability achieved by addition of phos- 
phate never exceeded 2 min. Addition of phosphate to samples which would 
attain maximum heat stability by a decrease in pH (i.e., requiring added acid) 
usually decreased the heat stability, and this change was also independent of pH. 








| cow *2 
————S_—_ 
20 A 
MAXIMUM — 
7) 
w 16 c 
- He 
> at 
z '" ; ray 
= a ‘gk MAXIMUM — af % 
fu i] a 
= a fo re | 
e Tal (A) 2 (ee 6 eee eee eee tt of . 
- is) ' oc o--°0 sae 2-0 oy a 
oad ry i {* / % Seq" 
o ‘ ' o 
<a : oa ‘© °. 
a ‘ ¥ So, 
” ‘ c | ™* “so 
8 tf o 0 “so 
- te | 
Pe " ° 
rt — ORIGINAL MILK 


\ ORIGINAL MILK 


° 


> 
- 
ghee 
Of. 
a SO rnrsasnteeeeneee 
oO 
? 
° 
° 

















\ 
oo 
MASTITIS 
t 
eee ° B Pa 
=o 2 ° 
Es ° 
Sl ne i a eee “eee ‘ 
a & "ae Fat 
oa } 2 \s ° ° 
S x V 
ie) 100 200 300 100 200 300 
LACTATION TIME, DAYS 
Fig. 5. A. Changes in heat stability and in the maximum heat stability (obtained by 


pH adjustment) during the lactation cycle. B. Amount of acid or base required to adjust 


the milk to the pH of maximum heat stability. 


DISCUSSION AND CONCLUSIONS 

In general, the data on composition of these two milks are in agreement with 
those previously published (8, 12, 21, 33), although the decrease in citrate 
content with increasing time of lactation may be unusual. Low £-casein and 
high albumin values have been reported for regression milks (20}, but these 
are not comparable to the present late-lactation milks collected at least 60 days 
before recalving. To the best of our knowledge, the high y-casein content of 
late-lactation milk has not been reported previously. 
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Cow No. 2. 


The heat stability of these milks was highly dependent on the pH of the 
individual milk; with some samples from Cow No. 1 a pH change of 0.02 unit 
could increase or decrease heat stability by as much as 10 min. (Figure 4). 
Somewhat similar results were obtained by Benton and Albery (5) in a study 
of the effect of buffers, and by Webb and Holm (32). Sommer and Hart (28) 
and Fay [quoted by Sommer and Hart (29)] also observed that with some 
samples, heat stability increased and then decreased on addition of acid. How- 
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ever, none of these workers added both acid and base to one sample of milk. 
The present results suggest that the two types of milk previously distinguished 
(31, 32) may differ only in the relation between the pH of the original milk 
and that at which a maximum heat stability occurs. 

In agreement with published results (7, 10, 23, 34), consideration of the 
combined data for both cows showed that the inorganic components of the milk 
were not significantly correlated with the heat stability of the untreated milk. 
Furthermore, none of the whey protein fractions for which data were not pre- 
viously availiable was significantly correlated with the heat stability. 

The heat stability of the untreated milk appeared to be determined by the 
difference between the hydrogen ion concentration of the untreated milk and 
that to which the sample had to be adjusted to obtain maximum heat stability, 
i.e., untreated milks with low heat stabilities required more acid (or alkali) 
to attain maximum heat stability than did those with high stabilities. The 
relation between the |H*] difference and the heat stability of the untreated 
milk (Figure 6) showed the same complexity as the relation between pH and 
heat stability of a mid-lactation sample (Figure 4). Of the nine samples from 
Cow No. 1 with heat stabilities of 4 min. or less (Figure 5), eight required an 
increase in | H*] of at least 0.023 x 10-6 M (a pH shift of 0.04 or more in the 
range involved) to give maximum heat stability, and one required a decrease in 
[H*} of 0.083 x 10°° M. The ten samples giving maximum heat stability with 
a change in |H*] of less than 0.01 X 10-6 M had an average original heat sta- 
bility of 12.6 min. 

The possible relations between the maximum heat stability obtained by pH 
adjustment and the composition of the milk were examined in considerable 
detail, and the significant correlations plus a few others of interest are recorded 
in Table 4. With Cow No. 1, the original heat stability was not significantly 
correlated with any component tested, but the maximum heat stability was 


TABLE 4 
Correlations between heat stability and the calcium/phosphate ratios 





Correlation coefficients 














Cow Cow Combined 
Components No.1 No. 2 data 
Heat stability of original milk versus 
(1) Total soluble Ca/soluble inorg. P —0.24 —0.21 —0.23 
(2) Ionie Ca/soluble inorg. P —0.20 —0.48* —0.26 
Soluble Ca + soluble Mg 
(3) Ber —968"" isis 
Sol. inorg. P + sol. citrate 
(4) As for (3)° —0.72" 
Maximum heat stability versus 
(1) Total sol. Ca/sol. inorg. P —0.62” —0.14 —0.44" 
(2) Ionie Ca/sol. inorg. P —0.63° —0.36 —0.41” 
Soluble Ca + soluble Mg 
(3) —0.54* 
Sol. inorg. P + sol. citrate 


(4) As for (3)° —0.81" 





“Significant to 5% point. 
» Significant to 1% point. 
* Omitting sample from 295th day. 
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significantly correlated with the ratio of Soluble Ca/Soluble Inorganic P, and 
of Ionic Calcium/Soluble Inorganic P. With Cow No. 2, the heat stability of 
the untreated milk was correlated (5% point only) with the Ca**/Soluble In- 
organic P ratio, but the correlation between maximum heat stability and this 
ratio was slightly below the 5% significance level. When the data for both 
cows were considered together, the maximum heat stability correlated sig- 
nificantly (1% point) with the ratio of Soluble Calcium or of Ionic Calcium 
Soluble Inorganic Phosphorus. With Cow No. 2, sufficient data were obtained 
to permit caleulation of the Soluble Calcium + Soluble Magnesium /Soluble 
Inorganic Phosphorus + Soluble Citrate ratio, and it was found that this ratio 
was significantly correlated with both the original and the maximum heat sta- 
bility (Table 4). All correlations were negative, i.e., increasing calcium (or 
calcium plus magnesium) relative to phosphate (or phosphate plus citrate) 
decreased heat stability. 

Although based on too few samples to be conclusive, these results indicate 
that further study of the relation between the composition of the milk and the 
maximum heat stability obtainable by pH adjustment is desirable. They also 
indicate that extremely accurate pH determination and control is necessary 
in tests of the effects of added salts, forewarming, etec., on the heat stability of 
milk. 
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HIGH TEMPERATURE-SHORT TIME STERILIZED EVAPORATED 
MILK. Il. LABORATORY TECHNIQUES FOR THE 
PREPARATION AND STUDY OF STERILE 
EVAPORATED MILK 


ABRAHAM LEVITON anp M. J. PALLANSCH 
Dairy Produets Laboratory, Eastern Utilization Research and Development Division, USDA 
Washington 25, D. C. 


SUMMARY 

Laboratory techniques for the preparation and study of high temperature—short time 
sterilized evaporated milk are described. A bomb, falling-ball microviscometer combina- 
tion, easily constructed in large numbers, is employed for containing samples during 
sterilization and storage, and for foliowing changes in viscosity. Normally, the instrument 
constant for the microviscometer is determined by standardization against liquids of known 
viscosity. This procedure is too time-consuming and tedious for research on evaporated 
milk. For such research, studies show that the instrument constant may be calculated 
expeditiously, with sufficient accuracy, with the help of the following equations: 


Cu=f (4) & cos 0; and 

d d 

f (=) = 0.0178-0.0217 —. 

D = 
Cy is the instrument constant, d and D are, respectively, the diameter of the ball and 
tube, f (+) is a function of the ratio between the diameters, and @ is the angle of ineli- 


nation of the tube. Forewarming and evaporation are carried out in a rotating film 
evaporator, and sterilization in a thermostatically controlled oil-bath. An electrically 
operated metronome is employed for controlling the time of sterilization. Small-scale 
homogenization is facilitated by the employment of a diesel nozzle tester and nozzle 
combination modified to function as a hand-homogenizer. The application of the 
techniques to the study of gelation is illustrated in studies on milks containing added 
caleium salts and phosphates. Wide variations in [Ca++] and [HPO,=] influenced 
storage stability to only a small degree, with a small advantage accruing to the use of 
limited quantities of calcium salts. False body, but not the minimum viscosity attained 
during storage, increased markedly with increasing [Ca++]. Repeatability of results 
was quite satisfactory. In one series of experiments based on the same sample of whole 
milk, a mean storage life of 84 days was observed; the limits for the mean at a 95% 
confidence level were + 5 days. 


In the production of high temperature-short time (HTST) sterilized evapo- 
rated milk, sterilizing temperatures of approximately 137° C. are employed for 
periods of time ranging from seconds to tens of seconds. Both the color and 
flavor attributes of freshly prepared HTST sterilized evaporated milk compare 
favorably with the corresponding attributes of market milk. Because it is 
eapable of storage without refrigeration, HTST evaporated milk would be a 
worthy competitor of market milk, were it not for the fact that it tends to set 
to a renneted milk-like structure on short storage. 

Sterile milk for gelation studies is usually manufactured on a pilot plant 
or plant seale. Cans of milk are opened periodically and viscosity measurements 
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are made according to accepted viscometric practice. Such studies, although 
they have the merit that results are immediately translatable into plant prac- 
tices, have a number of disadvantages, particularly from the point of view of 
the chemist who would prefer to work in his laboratory dissociated from plant 
and pilot plant operations. In order to bring research studies on HTST steri- 
lized milk entirely within the purview of the laboratory chemist, techniques have 
been developed which permit the carrying out on a small laboratory scale of 
many, if not all, of the processing steps: forewarming, homogenization, con- 
centration, and sterilization. These techniques will be described in this paper 
and their application and advantages will be discussed. They are based on the 
employment of the bomb microviscometer described in the first paper of this 
series (4). 
APPARATUS AND METHODS 


Selection of tubes and beads. Certain modifications were made in the con- 
struction and operation of the bomb viscometer. For studies on evaporated milk, 
tubes approximately 3.5 em. long, 0.445-0.455 em. in bore, and 0.020% maximum 
bore gradient were selected on the basis of microscopic examination. Corre- 
sponding to each tube a bead was selected the diameter of which fell in the 
range of 0.62-0.75 times the diameter of the tube. The size range of the beads 
was narrowed by the use of specially constructed sieves consisting essentially 
of perforated brass plates about 1 in. diameter and 4, in. thick. Numerous 
perforations in one plate were made with a 0.012-in. drill. Alternately, a simpli- 
fied selector was used comprising the following: an open-end box constructed 
out of 14-in. plastic each of the sides of which had four vertical grooves; a glass 
plate resting on the plastic base and hugging the sides of the box; two razor 
blades sliding in and out of two sets of appropriate grooves, and forming the 
ends of the box; a third blade the center portion of which was raised 0.012 above 
the glass base plate by means of strips of gauge plate, and a fourth blade the 
center portion of which was raised 0.011 in. The raised blades constituted par- 
titions between which beads 0.275-0.305-mm. diameter were trapped. These 
beads were noticeably free from defects, inasmuch as they were representative 
of beads which rolled freely at a small angle of inclination. The partitions were 
pressed firmly against the strips of gauge plate by means of rubber bands. 
Clean and dry surfaces were essential for the proper functioning of the selector. 

Forewarming and concentration. Forewarming of small milk samples at the 
temperature of boiling water for 15 min. was effected in a laboratory rotating 
film evaporator in the presence of air or in a current of nitrogen, as the occasion 
demanded. The forewarmed sample in the evaporator was concentrated in vacuo 
to 26% solids. Concentration was usually carried out to a point slightly beyond 
the desired concentration and a final volume adjustment was made with water. 
From knowledge of the initial solids concentration and the weight of the sample 
before and after concentration, the final solids concentration was controlled. 
Additional agitation was imparted to the contents of the flask by means of a 
glass baffle moving freely within the flask. Following its concentration and 
standardization, the sample was passed through a fine mesh wire filter screen. 
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Sterilization. Small samples of concentrated milk were deaerated momen- 
tarily in vacuo. Bomb viscometers were loaded with deaerated samples and 
mounted in fine wire stirrups. The mounted samples were plunged into an oil- 
bath at 137.4 + 0.15°, and after being held for 15 see. they were removed and 
plunged into water at room temperature. Timing was made by the use of an 
electrically operated metronome. The bringing-up time is not known with 
certainty ; an intelligent guess based on heat conductivity theory would require 
about 0.5 sec. to bring the temperature at the center of the viscometer to within 
0.2° of the temperature of the bath. 

The oil-bath consisted of a deep fryer (located within a thermostatically 
controlled air bath) equipped with a stirrer and an auxiliary heater with con- 
trolled heat input operating through an electronic relay. Control of the heat 
input to both the oil, and the surrounding bath, and immersion of the samples 
on all occasions at the same point in the heating and cooling cycle allowed for 
excellent reproducibility with respect to the important variable-heat treatment. 

Forewarming and concentrating in microviscometers. Samples may be fore- 
warmed and concentrated in microviscometers. Forewarming may be conducted 
either in the presence of air or in vacuo. Although the procedure for concentra- 
tion is not complicated, its use is recommended only under special conditions, 
for painstaking effort is required, samples are lost occasionally and, finally, the 
concentrate, because of the employment of quiescent evaporation, is not com- 
parable with the concentrate obtained in turbulent evaporation. Special condi- 
tions which justified forewarming and concentrating in microviscometers were 
met, for example, in the study of additives when these were available only in 
very small quantities or when they were heat-labile. Appropriate formulae for 
ealeulation of the degree of concentration in terms of thread length were easily 
derived. 

Measurement of viscosity. Viscosity measurements were made according to 
the method described in the preceding paper (4). It was found expedient to 
take as a starting point in the motion of the bead a point reasonably close to 
the bottom of the viscometer. Consequently, the zero point was located at ap- 
proximately 0.4 em. above the base of the thread. The time required by the 
bead to move first 0.75 em., and then 0.375 em., was noted. Two stop watches 
were employed for the purpose. At times the flow characteristics of milk were 
not adequately defined, even for practical purposes, at a single applied shearing 
stress, and to meet such contingencies a plastometer was constructed by means 
of which the applied force could be varied in steps from approximately one to 
35 times gravity. This plastometer consisted of a quick-acting constant-speed 
motor equipped with reduction gears and pulleys driving a gear-actuated turn- 
table. The turntable, a plastic disk 30 em. in diameter, contained 16 radial 
groove-like lodgements for the viscometers. Inasmuch as the velocity of the bead 
moving through a truly viscous fluid is proportional at any moment to the 
applied centrifugal force, the viscosity of the fluid could be calculated if, in 
addition to the parameters associated with the viscometer, the parameters asso- 
ciated with the centrifuge were known. The plastometer also lent itself to the 
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characterization of the thixotropic behavior exhibited by concentrated milks at 
one stage or another of their storage life. 

Storage of samples. Samples were stored in a constant temperature room 
maintained at 30° C. 

Microviscometers were accommodated in corks with drilled spaces. The corks 
fitted into plastic tubes which served to shield the viscometers from accidental 
breakage. During storage it was found desirable to rotate the microviscometer 
at about 5 r.p.m., with its axis always in a horizontal position, to prevent the 
complicating effects of creaming and sedimentation in the study of gelation. 


RESULTS AND DISCUSSION 

Determination of the instrument constant, The instrument constant, if maxi- 
mum precision is desired, is determined by measuring the velocity of the bead 
in a liquid of known viscosity and density (3). This procedure in studies on 
evaporated milk is too time-consuming and tedious, in view of the large number 
of viscometers which are employed. Fortunately, precision can be sacrificed in 
the interest of expediency in such studies. Because of the non-Newtonian char- 
acter of sterile concentrated milk and because, in storage studies, knowledge of 
changes in viscosity supersede in importance accurate knowledge of the initial 
viscosity, that is, the viscosity of the unsterilized sample, conditions of measure- 
ments of the initial viscosity can be relaxed. 

The interpretation of viscosity data on evaporated milk should be made in 
the light of the anomalies known to belong to these products (1, 5). The de- 
pendence of the viscosity coefficient on shearing rate, on the history of the 
sample, and on mechanical disturbance are well known. A single measurement 
made under carefully defined conditions is useful at best as an index defining 
an order of magnitude which can be compared with other indices obtained in 
the same manner and related to what may be described as the sensible body or 
consistency of the product. . 

The instrument constant may be calculated with sufficient accuracy if the 
two easily measured parameters, the diameters of the bead and the tube, are 


\ . 
shown. The function f (< of the ratio between the bead and the tube diameter 





D 
; , : ; — , , P 
is calculated for various values of the ratio D by means of the following equa- 
san (6); 
tion (6): . d -_* 
i — TS 7 (1) 
; D d? (pp — pm) g COs 6 


7m 4nd pm are the viscosity and density, respectively, of unsterilized evaporated 
milk, v is the velocity of the bead, p, its density, d its diameter, g is the gravi- 
tational constant, and @ is the angle of inclination of the viscometer. The 
parameters on the right-hand side are easily measured. Over a limited range of 
d _({d , , ' ad mm: 

TD values, f ($) may be plotted as a linear function of D: This has been done 


in Figure 1. 
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concentrated unsterile milk (26% solids) does not coincide with the one referring to glycerol 


solutions. 


Two lines, the constants of which were calculated by the method of least 
squares, are shown; one refers to measurements on glycerol solution, the other 
to measurements on concentrated milk containing 26% solids. The fact that the 
lines do not coincide means that milk is behaving anomalously, a consequence 
possibly of its non-Newtonian character. To calculate the instrument constant, 


C», the value of f (+) for milk corresponding to the ratio £ is read from the 


graph and inserted in Equation 2, thus: 


Cm =f (<) d? gq cos 6 (2) 


The viscosity of a milk sample contained in the viscometer is then given by 


Equation 3, thus: 0 

m (Po — Pm) ' ; 

”m = ———— (v= bead velocity) (3) 
7 

Equations 2 and 3, when combined with the respective values 981 dynes, 0.983, 


2.42, and 1.05 for g, cos 6, p, and p, substituted therein yield Equation 4, thus: 


nm = 1,340 f ( < & (for evaporated milk with p,, = 1.05) (4) 
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TABLE 1 
Calculation of viscometer constant and viscosity 











Ratio : : a Viscosity 
Tube diameter between * f ( “) < 10* C X10" calculated 
(em. ) diameters D em*/t* (centipoises ) 
0.0427 0.720 2.15 1.97 3.94 
0.0427 0.715 2.28 2.06 3.50 
0.0427 0.670 3.27 2.60 3.88 
0.0427 0.716 2.25 2.05 3.91 
Mean 3.81 
Standard deviation 0.21 
Viscosity (transpiration type viscometer ) 3.78 


* Ratio between bead and tube diameters. 


Table 1 shows the results of an experiment in which milk of known viscosity 
was loaded into four viscometers varying in their instrument constants. The 


se : s ‘ . 
values of f (<) were obtained from Figure 1, C was caleulated by means of 


Equation 2, and from knowledge of these values, and the values of v and d, the 
viscosity of the product was calculated by means of either Equation 3 or 4. The 
viscosity of the milk as measured with a transpiration type viscometer operating 
at a maximum shearing stress of 160 dynes per cm.” was 3.78 centipoises. The 
viscosity as measured with the microviscometer averaged 3.81 with a standard 
deviation of + 0.21 centipoise. This constitutes good agreement. 

Viscosity changes attending sterilization and storage. Concentrated milks 
sterilized in microviscometers are apt to exhibit the phenomenon of false body 
to a greater extent that the same milk sterilized under the conditions of turbu- 
lent flow. The following sequence of changes is usually, although not always, 
observed in studies with the bomb microviscometer ; the viscosity first decreases 
(a characteristic of false body) more or less over what in some cases is a con- 
siderable period of time; it then remains measurably constant for a storage 
interval the duration of which is not clearly governed by the rate of change 
which precedes and follows; the apparent viscosity begins to rise slowly at first, 
then more rapidly until it becomes nonuniformly infinite throughout the sample. 

False body may manifest itself as a soft gel-like structure immediately after 
sterilization, and under some conditions this structure, although not necessarily 
undesirable, may persist for long periods of time. Again, a highly thixotropic 
structure, one yielding to the application of mild shearing stresses, may develop 
immediately after sterilization and persist through the major portion of the 
shelf life of the product. It is understandable in view of the foregoing that 
the point at which the apparent viscosity becomes infinite can not be taken seri- 
ously as an end point indicating the end of the storage life of the sample. 

A much more satisfactory end point becomes available if the criterion for 
judging deterioration is not gel formation but rather instability in body repre- 
sented by rapid rate of increase in apparent viscosity. 

Viscosity measurements immediately following the sterilization step are 
made on unstirred and stirred-out samples. Samples may exhibit at times 
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structure and complete or partially reversible coagulation following sterilization. 
Stirring-out of such samples is continued until segregation along the milk 
column is eliminated. A number of techniques for stirring-out are available. 
The position of the liquid thread may be reversed centrifugally a number otf 
times. More drastic but more difficult to control is the technique of applying 
momentarily a microflame to the beaded base of the microviscometer. Localized 
heating violently disrupts the thread into fragments which are reunited by 
centrifuging. Finally, the technique of alternately freezing and thawing of the 
contents of the tube in an acetone-CO» bath followed by centrifuging to reverse 
the position of the liquid thread a number of times serves to stir out structure 


drastically. 
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Fie. 2. Typical curves illustrating storage effects on viscosity curves obtained in studies 
on high temperature-short time sterilized milks with laboratory techniques employing quies- 
cent heating and cooling. Curves also show effects of added calcium and phosphate on storage 


life. 


Figure 2 
storage time. The milk employed in this study was a foam-dried product recon- 


stituted to contain 3.5% fat and 13% total solids. It was then concentrated to 
30% total solids. To each of two 1-g. samples of concentrate, 0.3 ml. of the 
following were added: water, 0.03 M CaClo, 0.04 M CaCle, and 0.4% NasHPO,. 
The various samples were introduced into bomb microviscometers and sterilized 
for 15 see. at 137.4° C. The viscosity of the samples prior to sterilization was 


shows a number of typical curves relating apparent viscosity and 


3.9 centipoises. 
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Although the curves in Figure 2 are intended to convey primarily some idea 
of the type and character of changes observed during storage (and these resemble 
the curves obtained in studies in which conventional techniques are employed), 
there are the following additional points of interest : 

(1) The viscosities of the samples immediately after sterilization were 

related to heat stability but not to storage stability. 


2) Graininess, such as the sample containing added 0.04 M CaCl. showed, 
disappeared during storage. Such samples, therefore, could hardly be 
classified as defective. 


ww 


Both the minimum viscosity acquired by the samples, and the storage 
stability, were influenced only to a small degree by wide variaiton in 
(Cat*) and (HPO*=,). 

The sample containing added phosphate showed very little false body, 
reached a minimum viscosity value quickly, and set once the minimum 


cS 
~~ 


viscosity was exceeded, to a rather firm structure exhibiting macroscop- 
ically visible curd particles. 

The addition of CaCle is conducive to the development of false body in 
proportion to the quantity added. The degree of false body reached 
extremely large proportions much larger than Deysher et al. (2) have 


reported for long-hold evaporated milk. 

6) The structure which developed during the storage of the high calcium 
concentrate was finer and possessed a higher degree of thixotropy than 
the structure which developed in the control, and high phosphate 
concentrate. 

) The concentrates began to increase in viscosity at approximately 20 
days, irrespective of whether calcium or phosphate had been added; 
whatever small differences in storage life were observed were related 
to the rate at which body developed during the period of viscosity 
increase. 

Reproducibility of results. To obtain reproducible results, processing condi- 
tions must be adequately controlled, and viscometry conditions must be stand- 
ardized. Considering the large number of variables involved, the long duration 
of an experiment, and the complex nature of the coagulation phenomena, one 
may view with satisfaction the results obtained with laboratory techniques. 

The data in Table 2 are illustrative. They show the results of an experiment 
in which samples of concentrated milk containing 7.3% fat and 26% total solids 
were sterilized at 137.4° C. for 15 sec. All samples were derived from the same 
batch of forewarmed milk. Three concentrates, each prepared to contain the 
same concentration of solids, were sampled, two in duplicate and one in trip- 
licate. Viscosities were measured before and after sterilization’ and during 
storage. 

Variations between concentrates were observed corresponding to a standard 
deviation in presterilization viscosity of 0.1 centipoise. The possibility that 
variations in storage life were related to the slight variations in presterilization 
viscosity between samples could not be ruled out on the basis of variance analysis. 
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TABLE 2 
Data pertaining to the storage life of samples prepared from the same batch of whole milk 


Viscosity Time to 
before Viscosity Viscosity reach Sturage 
Sample * sterilization after minimum minimum life 

(centipoises ) (ep.) (cp.) (days) (days) 

Al 3.5 15.4 4.9 60 95 

13.7 4.8 58 92 

A2 3.7 17.1 5.2 64 92 

17.5 4.6 64 90 

A3 3.6 15.2 Be 60 94 

17.5 5.0 64 98 

14.8 4.3 64 104 

Mean 3.6 15.9 4.8 62 94 

Limits for mean 

(95% eonfidence 6.3 ms od Of +0.3 +3 +5 

Standard deviation 0.1 1.5 0.3 3 5 
Correlation coefficient 0.6 0.06 0.6 0.17 





*Samples represent three concentrates from same milk. 





Relatively poor correlation as measured by the square of the correlation coeffi- 
cient was observed between concentrate sample, and both storage life and mini- 
mum viscosity variations. A more marked correlation was observed between 
concentrate sample, and viscosity variations in freshly sterilized milk. The 
variations noted were not significant from a practical point of view. The mean 
storage life was 84 days; the limits for the mean at a 95% confidence level 
were + 5 days. 

Thermal history and concentration are two important variables which require 
eareful control in order to obtain reproducible results. Milk as a biological 
fluid varies in composition from day to day and from place to place and, conse- 
quently, the effects of external variables are best evaluated statistically if time 
permits. In this respect, the laboratory techniques which have been described 
ean contribute much to a broadening of the base of evaporated milk research, 
permitting thereby the accumulation of the large bodies of data required for 
adequate statistical evaluation. 
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RINDLESS, SWISS-TYPE CHEESE. I. METHOD OF MANUFACTURE 
IN BLOCK FORM! 


D. D. DEANE? ann F. D. COHENOUR® 
Department of Dairy and Food Industry 
Iowa State University of Science and Technology, Ames 


SUMMARY 


Rindless Swiss-type cheese was made in 20-lb. blocks by modifying the procedure 
previously used in making the cheese as 5-lb. wheels. Manufacture of the cheese in 
20-lb. blocks did influence eye formation. Less Propioni-bacterium shermanii culture 
was used and the eyes formed were larger and more characteristic of Swiss cheese as 
compared to those found in the 5-lb. wheel. 

The rate of acid development during manufacture was important, since those blocks 
with a pH of 5.05 to 5.10 after pressing overnight had the most desirable eye formation. 
At a pH above 5.20, the cheese had a tendency to develop too many eyes. To obtain 
the proper rate of acid development during manufacture, it was necessary to use a 
longer ripening period and a longer pressing of the curd mass before cutting into 
blocks to be wrapped and pressed overnight. 

The cheese was: cured in an unsealed, plastic film wrapper held in place with plastic 
tape. The cheese had a mild flavor at 3 to 4 mo. of age, whereas that held for longer 
periods, up to a year, had a more definite Swiss flavor. 





The method of manufacture of Iowa Swiss-type cheese was first published 
some 20 years ago (8). Since that time various modifications in method of 
manufacture have been reported (3, 10, 11, 12). Originally, the cheese was 
made and cured as a wheel that weighed 23-25 lb. (8). Later, the size was 
reduced ; first to 15-16 lb. (3), and then, about 1939-1940, to 5 lb. (9). The 
cheese, after salting, was held at 55-65° F. to dry and to allow eye formation 
to take place before waxing. 

In recent years, emphasis has been placed on the manufacture of cheese in 
the form of a rindless block that can be cut into small portions, packaged and 
marketed with a minimum of waste. The state dairy experiment station at 
Hillerod, Denmark, has published a report of their work on the manufacture of 
Samso and Maribo cheese as rindless blocks (1). The present investigation was 
undertaken to study methods of manufacture of lowa Swiss-type cheese in the 
form of a rindless block that would lend itself to cutting and packaging in 
consumer-sized portions. 

EXPERIMENTAL PROCEDURE 


Methods of manufacture previously reported (3,8) were used as a basis for 
determining the proper method of manufacture of Iowa Swiss-type cheese in 
rindless 20-lb. blocks. 
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Fat tests on milk and whey were carried out by the Babcock method (7). 
The fat tests on the cheese were carried out at first by the official method for 
cheese (2), but it was found that closer agreement between duplicate samples 
could be obtained if the method was modified by weighing the cheese into the 
fat-extraction flask as in the official test for fat in dried egg (2), and then 
digesting with the mixture of water and NH,OH, thus eliminating the necessity 
of transferring the contents of a beaker to the fat-extraction flask. Chlorides 
were determined by the official method (2), while the moisture test was carried 
out by drying a 4- to 5-g. sample of cheese under vacuum at 105-110° C. for 
5.5 hr. in an aluminum dish containing dry sand. 

In the first lots, the pH of the cheese was determined by a Leeds and 
Northrup quinhydrone electrode. With the commercial lots, a Beckman Zero- 
matic pH meter with a glass electrode and a sleeve-type calomel reference 
electrode was used. 

All evaluations of body, texture, flavor, and eye formation were made by at 
least three judges. 

RESULTS AND DISCUSSION 

The various modifications carried out in establishing the most desirable 
manufacturing procedure are listed in Table 1. Grade A mixed herd milk from 
the University creamery testing 3.7-3.8% milk fat was used. The milk was 
pasteurized at 162° F. for 16 sec., cooled and standardized, in the cheese vat, 
with pasteurized fluid Grade A skimmilk to a fat content ranging from 2.5 to 
2.9%. Milk standardized to 2.5-2.6% fat and a C/F ratio of 0.93 + 0.01 pro- 
duced cheese with the desired fat content of 44% on a dry basis. Iowa Swiss- 
type cheese made from milk standardized to 2.7 to 2.9% milk fat had a slightly 
softer body because of the higher fat content. No other characteristics attributed 
to the use of milk with the higher fat content were observed. 

The setting temperature of most vats of milk was 88° F. Small variations 
of 1 or 2° F. above or below 88° F. had little effect, although when the tem- 
perature was reduced to 85° F. the coagulation time was prolonged slightly. 


TABLE 1 
Modifications used in manufacture of block-style, rindless, Swiss-type cheese 


Factor studied Extent of modification 











2.5, 2.6, 2.7, 2.8, 2.9 
5, 86, 87, 88, 89 
.20, 1.25, 1.30, 1.40 


Fat test following standardization (% milk fat) 2 
Temperature of ripening and setting milk (° F.) 8 
Lactie culture added (%) 1 
Titratable acidity development during ripening 

(as % lactic acid) 0.000, 0.010, 0.015, 0.020, 0.025, 0.030 
Propionibacterium shermanii added (ml/1,000 lb. milk) 15, 25, 40, 60, 80 
Temperature of hot water added to reach 


cooking temperature (° F.) 140, 145, 150, 155 
Temperature of cooking (° F.) 98, 100, 101, 102 
Time curd pressed behind dam after cooking (min.) 10-120 
Titratable acidity of whey when dam removed 

and blocks eut (as % lactic acid) 0.12-0.65 
pH of whey when dam removed and blocks cut 5.05-6.20 
pH of block after pressing overnight 4.95-5.30 
Length of salting period (days) 1-3 
Holding period before placing in warm room (days) 0-14 
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The amount of lactic starter culture used, and the ripening time required to 
bring about a desirable rate of acid production, varied somewhat with the par- 
ticular starter culture used. In early trials, ripening conditions were adjusted 
to bring about a titratable acidity increase as high as 0.03%; however, later 
trials showed that an increase of 0.015% in titratable acidity was sufficient. 
Addition of 1.25% active starter culture and ripening for 45-60 min. generally 
was optimum. The use of 1.30 and 1.40% lactic starter was unsatisfactory 
because of the difficulty in obtaining the proper rate of acid development in 
subsequent procedures in the manufacturing process. In previous reports of 
making Swiss-type cheese (3, 8) 1% lactic starter and a ripening period of 
20-45 min. was used. Peters (11) used 1% starter with 60 min. ripening but 
did not report the amount of acid development. 

The Propiombacterium shermanit was grown in yeast extract, peptone, dex- 
trose broth (0.5% each) at room temperature (70-75° F.) for 24 hr., or until 
good growth was obtained, and then held at 60-70° F. until used. Typical eye 
formation occurred with cultures from 1 to 6 wk. of age. Excellent eye forma- 
tion resulted from the use of 25 to 40 ml. of the propionic culture per 1,000 lb. 
of milk. At present, 25 ml/1,000 lb. of milk is used. This is about 50% of the 
inoculum Babel and Hammer reported (3) and one-fourth that found best by 
Peters and Moore (12). 

Cooking at 102° F. was preferred, since cooking at lower temperatures meant 
a longer cooking time. The water added to reach the cooking temperature usually 
was at 150° F. If the acid development was somewhat more rapid than desired, 
it could be retarded slightly by the extra dilution brought about by adding 
water at 140 to 145° F. to reach the cooking temperature. 

One of the major departures from methods previously used in making lowa 
Swiss-type cheese was the procedure used in pressing the curd mass behind the 
curd dam. When the cheese was made in 5-lb. wheels approximately 30 min. 
was spent, after the curd dam was in place, to drain the whey and fuse the curd 
into a mass to be cut into individual blocks. Little attention was given to the 
whey acidity (3, 8, 10, 11). When the cheese was made in 20-lb. blocks, however, 
the curd normally was held, under pressure, for 60 min. after the whey had 
drained, before cutting into blocks. With slow acid development the pressing 
period was increased 15 to 30 min., whereas a shorter period was used when 
acid development was more rapid than normal. Pressing for 60 min. in the 
curd dam resulted in a more firmly knit curd mass, important since the 20-Ib. 
blocks of fresh curd were subjected to more stress in handling than 5-lb. wheels. 


The desired titratable acidity of the whey from the curd mass when cut into 
blocks was 0.20-0.25%. The rate of acid development was important, since 
excessive acid development was associated with a flavor described as slightly 
cheddary, whereas slow acid production resulted in high moisture and an overset 
cheese with too many eyes. 

The individual blocks of curd were wrapped loosely in a two-piece muslin 
cheese bandage and placed in a 20-lb., Wilson-style cheese hoop. In the initial 
trials the 20-lb. blocks were pressed overnight by stacking the hoops four high, 
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with a 50-lb. weight placed on top. In subsequent lots, the cheese was pressed 
overnight in horizontal presses with 10-15 lb/sq in. (hydraulic) or a total of 
1,600-2,400 lb. (spring press). The desired pH after pressing was 5.10 + 0.05. 
A pH of 5.0 did not seem detrimental, but a pH above 5.20 was associated with 
too many eyes and too rapid eye development. This is in accord with the recom- 
mendations of other investigators relative to the pH desired in Emmanthaler 
cheese following pressing (5, 6, 14). 

A salting period of two days in saturated brine at 45° F. proved most satis- 
factory, yielding a cheese with a salt content of approximately 1.25% and the 
most desirable flavor. Cheese salted 24 hr. contained 1.0 to 1.1% salt and was 
slightly bitter at times. The salt content was increased to above 1.5% by three 
days of salting, and a slight Cheddar flavor sometimes was found. Eye forma- 
tion occurred slightly closer to the surface of the cheese with one or two days 
of salting than with a three-day salting period. 

The press cloths were removed after salting and the cheese was held ap- 
proximately 4 hr. at 45° F. to allow partial drying of the cheese surface. The 
cheese block then was trimmed, wrapped in a film wrap (Cryovaec * or Saran 5) 
held in place by tape rather than sealed, and then held at 45° F. for a period of 
one to 14 days to permit more even salt distribution in the block before placing 
in the warm room for eye development. Although no consistent differences in 
eye formation were attributed to the variation in length of the holding period, 
it was felt that cheese held for a four- to seven-day period had somewhat more 
uniform eye formation than that placed immediately in the curing room. Hold- 
ing 14 days offered no apparent advantage. 

The procedure finally adopted which produced the most desirable cheese is 
outlined in Table 2. Cured cheese made by this procedure had a composition as 
follows: 38.5 to 39.5% moisture, 26.50 to 27.00% fat, 43.75 to 44.00% fat on a 
dry basis, and a salt content ranging from 1.2 to 1.5%. The yield of cured 
cheese per 100 lb. of cheese milk varied from 8.0 to 8.2 lb. The composition of 
this cheese was very similar to that reported by Sanders et al. (13) for domestic 
Swiss cheese, except for being slightly lower in fat. 

When 3 to 4 mo. of age the cheese had a mild, slightly sweet flavor. Holding 
8 to 12 mo. brought a more definite Swiss cheese flavor accompanied in some 
lots by a slightly bitter flavor. 
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RINDLESS, SWISS-TYPE CHEESE. II. PREVENTION OF SURFACE 
MOLD GROWTH DURING CURING AND STORAGE! 


D. D. DEANE? 
Dairy and Food Industry Department 
Iowa State University of Science and Technology, Ames 


SUMMARY 


Methods of preventing mold growth on the surface of rindless Swiss-type cheese, 
cured in an unsealed film wrap, were investigated. Painting the cheese with a 15 to 
20% aqueous solution of potassium sorbate, 1 0z/20-lb. block, resulted in very slight 
mold growth and small cleaning losses during curing periods up to 9.5 mo. Holding 
for longer periods allowed slightly more extensive mold growth and cleaning losses. 
The use of 10% solutions of this compound was less effective. A 1 or 2% solution of 
sorbic acid in propylene glycol failed to inhibit mold growth sufficiently to be acceptable. 

The use of oils or greases was unsatisfactory. Mold growth occurred on all blocks 
treated with Confecto grease, a candy-slab releasing agent. Mineral oil was inconsistent 
in its ability to protect the cheese surface against mold growth; at times its use resulted 
in extensive cleaning losses. The use of Saran film dusted with 2.0 mg. of sorbic acid 
per 100 sq. in. consistently failed to inhibit mold growth. Cryovaec film was preferred 
slightly over Saran for wrapping the cheese because the former, after shrinking, main- 
tained a closer contact with the cheese surface. 





The prevention of surface mold growth on rindless cheese during curing and 
subsequent storage can be a major problem to a cheese manufacturer. The pre- 
vention of such mold growth on rindless block Swiss Cheese by sealing each 
block in a flexible wrapper has been reported by Stine (17). Gooding (6) re- 
ported that certain alpha-beta unsaturated fatty acids, such as sorbic acid 
(CH;—CH=CH—CH=CH—COOH) and its salts, are effective fungistatic 
agents for foods and food wrappers. Sorbie acid-treated cheese wrappers have 
been found an effective means of preventing surface mold growth in small con- 
sumer-sized packages of natural or processed Cheddar Cheese without imparting 
objectionable flavors (9, 15, 16). Potassium sorbate is another growth inhib- 
itor for molds. When applied to foods at pH 6.5 or lower, this ‘compound 
hydrolyzes to sorbic acid (12). Melnick et al. (11) state that the alpha-beta 
unsaturated acids, such as sorbic acid, can inhibit the dehydrogenase system 
of molds, thus inhibiting their growth. 

Deuel et al. (2, 3) reported that sorbic acid was harmless as a dietary agent 
and was readily metabolizable to COs and H.O under normal conditions. Both 
sorbic acid and the potassium salt were included among those additives found 
safe and acceptable for use in food by the Food and Drug Administration (4, 5). 

In this investigation, the effectiveness of treating the surface of blocks of 
Iowa Swiss-type cheese with various materials to prevent or restrict mold growth 
under an unsealed film wrap was studied. 


Received for publication August 20, 1960. 


* Journal Paper No. J-3946 of the Iowa Agricultural and Home Economics Experiment 
Station, Ames. Project No. 1188. 
*Present address: Division of Animal Science, University of Wyoming, Laramie. 


457 








DEANE 


458 D. D. 


METHODS AND MATERIALS 
The Swiss-type cheese was made according to the method previously reported 
(1). After a 48-hr. salting period the blocks were removed from the brine, the 
bandages stripped off, and the blocks allowed to dry 2-4 hr. at 40-45° F. before 
wrapping in film. The blocks were trimmed carefully to insure close contact 
between cheese surface and wrapper. Care was taken to minimize contamination 
of the cheese surface with mold. Those blocks treated before wrapping were 
painted with approximately | oz. of the material tested. The amount used was 
determined by weighing the block before and after treatment on a seale which 
read to 0.01 lb. The materials used to treat the surface of the cheese and the 
films used in wrapping the blocks are listed in Table 1. 


TABLE 1 


and wrap cheese 


Materials used to treat 

















Trade name Material Manufacturer or source 


Material used to treat cheese surface before wrapping 





Carbide and Carbon Chemical 
Co., New York, New York 


Sorbie Sorbie Acid 


Chas. Pfizer and Co., Ine., 
Brooklyn 6, New York 


Sorbistat-K Potassium sorbate 








PER LI. ANE 


Confecto grease 


Superla white mineral oil 
No. 21 


Saran No. 5, 
plain 


100-gauge, 


Saran No. 5, 100-gauge, 
dusted with sorbie acid 


Cryovae, 75-gauge 


Emulsion of butyl stearate 
and hydrogenated vege- 
table oils 


U.S.P. mineral oil, heavy 


Film used to wrap cheese 
Vinylidene chloride and 
vinyl chloride copolymer 
Vinylidene chloride and 
vinyl chloride copolymer 
dusted with sorbie acid * 


Polyvinylidene chloride 
resin blends 


International Fooderaft Corp., 
Brooklyn 11, New York 


Standard Oil Company, 
Chicago, Illinois 


Dow chemical Co., Midland, 
Michigan 


Dow Chemical Co., Midland, 
Michigan 


Cryovae Division, W. R. Grace 
and Co., Cambridge 40, ‘ 


Mnussachusetts 


“Dusted with 2.0 mg. sorbic acid/100 sq. in. 


The sorbic acid was 94.49% pure with 5.06% water. Because of its low 
solubility in water (0.2%), solutions of sorbic acid were prepared in reagent- 
grade propylene glycol (7, 18). The potassium sorbate had a purity, as meas- 
ured by total potassium content, of 98 to 101% and a moisture content of 1% 
maximum (12). The Confecto grease is a slab-releasing agent used in the candy 
industry (14). It is a nonaqueous emulsion of both liquid and solid phases of 
butyl stearate and hydrogenated vegetable oils of low iodine value containing 
antioxidants (8). This material begins to soften at 80° F. and is not completely 
melted at 110° F. It was very difficult to apply smoothly to a cold block of 
cheese with a brush. U.S.P. mineral oil has been used in the past as a coating 
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to reduce surface mold growth on a variety of cheeses. This material was used 
in the study to serve as a basis of comparison, although its use is not legal at 
present. 

Cryovae film is heat-shrinkable due to an orientation of the molecules in the 
film by a special process (13). Therefore, all blocks wrapped in this film were 
dipped in hot water at 180 to 190° F. to shrink the film more tightly to the 
surface of the cheese block. The Saran film, used in the first series of trials, 
was not heat-shrunk (19). Scotch brand No. 6007 cellophane tape was used to 
hold the film on all blocks in the first series of trials. A pressure-sensitive vinyl 
plastic tape No. 473° or Paklon brand film tape No. 681° was used to hold the 
wrap in place in the second series of trials. 

After wrapping, the blocks were placed in open-topped wooden boxes and 
held at 40-45° F. for one to 14 days in the early trials and for two to four days 
in later trials. The boxes of cheese then were placed in the curing room at 63° F. 
to bring about eye development. Following eye development, the cheese was 
held in storage at 35-40° F. until cleaned for packaging for retail distribution. 

A mold growth prevention rating (MPR) based on the criteria listed in 
Table 2 was given each block when placed in storage following eye development 
and again when removed from storage and cleaned for packaging. In a number 
of lots the weight loss that occurred in cleaning the individual blocks of cheese 
also was determined. A MPR rating of seven or below indicates a degree of 
mold growth unacceptable to a commercial plant because of the cost of cleaning 
and cleaning losses. 

The wrap on some blocks was punctured, due to eareless handling, while 
curing or in storage. In a few instances the wrap become Joose due to a failure 
of the tape used to hold the wrapper in place. Data from those blocks with a 
punctured or loose wrap were not included in this study. 


RESULTS AND DISCUSSION 


The effect of the surface treatment and film wrap used in the first series of 
trials on the development of mold growth during sterage and the subsequent 
cleaning losses is shown in Table 3. The results obtained when the blocks were 
wrapped without previous treatment indicate the necessity of preventing or 
minimizing surface mold growth during curing and storage of film-wrapped 
lowa Swiss-type cheese. This group had a lower median MPR and a greater 
cleaning loss than when any of the preparations were used to treat the cheese 
surface. A MPR of 5, the highest median rating found when no surface treat- 
ment was used, was below that considered acceptable to the commercial cheese 
plant. The majority of the blocks in the first series of trials were wrapped in 
plain Saran film. Wrapping the untreated blocks with Saran film dusted with 
2.0 mg. of sorbie acid per 100 sq. in. offered no consistent improvement over 
plain Saran with the few blocks on which it was used. This concentration of 
sorbic acid is considerably lower than the 2.5 to 5.0 g/100 sq. in. used by Smith 


“Manufactured by the Minnesota Mining Co., St. Paul, Minnesota. 
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and Rollin (16), which would explain the incomplete inhibition of mold grow*h. 
The Cryovae film, which was heat-shrunk to cling close to the cheese surface, did 
not materially reduce the incidence of mold growth below that found with the 
two other films. 

Treating the cheese with 1 or 2% sorbic acid solutions did reduce mold 
growth, but not to the extent desired. While some blocks treated with 2% 
sorbic acid remained free of visible mold growth, others showed objectionable 
amounts of growth. Mold growth was observed on all five blocks treated with 
a 1% solution of sorbic acid. 

The inhibition of mold growth by mineral oil, although inconsistent, was 
somewhat greater than that found with a 1% sorbic acid solution and compared 
favorably with that produced with a 2% sorbic acid solution. The use of Saran 
film dusted with sorbic acid (2.0 mg/100 sq. in.) following the surface treat- 
ment with mineral oil also failed to give adequate protection against surface 
mold growth. Cryovae film, which was heat-shrunk to cling close to the cheese 


TABLE 2 


Criteria for determination of mold growth prevention rating 





Extent of mold growth 














Moderate, Mold growth 
Very slight, Slight, 10% 10-50% Heavy, prevention 
5 spots of area of area 50% area rating (MPR) 
No surface No surface No surface No surface 10 
One surface No surface No surface No surface 9 
Two surfaces One surface No surface No surface 8 
Three surfaces One surface + No surface No surface 7 
v. sl.” on see- 
ond surface 
Four surfaces Two surfaces or One surface No surface 6 
one sl.* + two 
surfaces with 
vy. sl. growth 
Five surfaces Two surfaces + One surface + No surface 5 
v. sl. on third v. sl. on second 
surface surface 
All surfaces Three surfaces One surface + One surface 4 
or two with sl. sl. on second 
and two with v. 
sl. growth 
All surfaces Three surfaces + Two surfaces One surface + 3 
v. sl. on one sl. on one 
All surfaces Four surfaces Two surfaces + One surface + 2 
sl. on third two with sl. 
surface growth or one 
with mod.* 
growth 
All surfaces Four or more Three or more Two or more 1 
surfaces surfaces surfaces 


* sl. = slight. 
*v. sl. = very slight. 
* mod. = moderate. 
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surface, was somewhat more effective in helping to minimize mold growth on 
the treated blocks, since it made possible a closer contact of film, the material 
used to treat the cheese surface, and the cheese surface. 

Seotch-brand cellophane tape was not satisfactory for use with a film wrap 
shrunk with hot water. The adhesive failed to hold at dipping and the tape had 
to be reapplied or, in some instances, the block had to be rewrapped. 

The relative effectiveness of Confecto grease, mineral oil, and potassium 
sorbate as inhibitors of surface mold growth was studied in a second series of 
trials. Each block, after treatment with one of the above materials, was wrapped 
in Cryovae film and dipped in hot water (180-190° F.) to shrink the wrap. The 
film was held in place by pressure-sensitive tape, either No. 473 or No. 681. 

The mold growth prevention ratings given these blocks of cheese when they 
were removed from the eye room, and again when brought from storage to be 
cleaned, are shown in Table 4. The cleaning losses also are shown in Table 4. 

Confecto grease proved to be the least effective mold inhibitor of the materials 
tested in this series of trials. The Confecto grease was difficult to apply to the 
cheese block and considerable mold growth occurred during eye formation and 
subsequent storage. Mineral oil, while more effective than Confecto grease, 
again was inconsistent in affording adequate protection against mold growth. 

Potassium sorbate, in proper concentration, proved satisfactory. One ounce 
of 20% potassium sorbate painted on the entire surface of the 20-lb. cheese 
block allowed little or no mold growth during storage up to © mo., with sub- 
sequent cleaning losses of less than 0.10%. When stored for longer periods, the 
fungistatie properties were good, although the cleaning losses were slightly 
higher. No off-flavors were attributable to potassium sorbate. A 15% solution 
of potassium sorbate was equally effective as a 20% solution for storage periods 
of 6 mo. or less, and nearly as satisfactory for storage periods up to 1 yr. A 
10% solution did not give adequate protection. 

In the second series of trials a direct relationship was observed between the 
MPR of the blocks with intact wrappers and the cleaning loss. A total of 294 
blocks was examined. Of these, 138 received a MPR of ten and, although no 
mold growth was observed, sustained cleaning losses ranged from 0 to 0.81%, 
with mean and median losses of 0.17 and 0.10%, respectively. Sixteen blocks 
were given a MPR of nine. The cleaning loss on this group varied from 0.04 
to 0.91%, with mean and median losses of 0.25 and 0.24%, respectively. The 
cleaning loss on the 34 blocks which received a MPR of eight ranged from 0.04 
to 1.43%, with mean and median losses of 0.44 and 0.36%. Approximately one- 
third of the blocks (106) received a MPR of seven or lower. The cleaning loss 
ou the 16 blocks with a MPR of one, the lowest rating given, ranged from 
1.60 to 7.12% and averaged 3.25%. Each block of cheese, even those with no 
visible mold growth, usually had to be trimmed slightly when cleaned and cut 
into consumer portions. 

The growth of mold on the surface of cheese blocks treated with sorbie acid 
or potassium sorbate probably occurred because of a reduced concentration of 
the fungistatie agent. Melnick and Luckmann (10) have reported that the 
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concentration of sorbic acid on the surface of cheese wrapped in a sorbic acid- 
dusted wrap decreased to a low level, due to migration of the sorbic acid to the 
center of the package. Melnick et al. (11) also state that molds are capable of 
metabolizing sorbic acid under conditions where there is a high ratio of mold 
to sorbic acid, thus reducing the concentration of mold inhibitor. Depending 
upon the size of the block, the amount of sorbic acid or potassium sorbate 
originally on the surface, and the length of storage period, the concentration of 
the mold inhibitor on the surface may be reduced to a point where recontamina- 
tion results in appreciable mold growth. 
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A HIGH-ROUGHAGE SYSTEM FOR RAISING CALVES BASED ON THE 
EARLY DEVELOPMENT OF RUMEN FUNCTION. X. WHOLE 
BLOOD, PLASMA, AND CORPUSCLE GLUCOSE 
RELATIONSHIPS IN CALVES FED HIGH- 

ROUGHAGE RATIONS WITH AND 
WITHOUT CHLORTETRACYCLINE 


J. W. HIBBS, H. R. CONRAD, ano J. H. VANDERSALL’* 


Department of Dairy Science, Ohio Agricultural Experiment Station, Wooster 


SUMMARY 


In the first of two experiments, the changes in the blood glucose (reducing sugar) 
of five high roughage—fed calves was studied to 12 wk. of age. In the second experiment, 
20 calves fed high-roughage pellets with or without chlortetracycline were compared 
from birth to 16 wk. of age. Much of the decline in the blood glucose of all calves 
during the 7-wk. milk feeding period was the result of decreased corpuscle glucose. 
Plasma glucose was found to decline markedly after milk intake was reduced at 6 wk. 
Chlortetracycline-fed calves maintained a higher whole blood glucose level. This higher 
blood glucose level was shown to be largely the result of increased plasma glucose which 
persisted following termination of milk feeding until 12 wk. of age, when chlortetra- 
eyecline was withdrawn from the ration. At this point, the plasma glucose of the ex- 
perimental group returned to the level of the controls. The data lend further support 
to the postulate that improved calf growth resulting from chlortetracyeline feeding is 
due to its energy-sparing effects, reflected in the plasma glucose level. 





In previous experiments involving high roughage—fed calves the blood glu- 
cose level was shown to decline markedly during the 7-wk. milk feding period ; 
whereupon, it leveled out at approximately the level maintained by adult 
ruminants, 40 to 60 mg. % (2 

Earlier, McCandless and Dye (6) had shown that a decline in blood glucose 
was characteristic of young ruminants and suggested that this represented the 


\ 
) 


change from primary dependence on abomasal digestion to dependence on 
ruminal digestion for energy. Reid (10), working with lambs, showed that most 
of the decline during the first 4 wk. was the result of decreased corpuscle glu- 
cose and was not considered to be associated with rumen development. In a 
preliminary report including part of the data in this paper the same observa- 
tion was made with calves (14). Ratcliff et al. (9) later observed that the de- 
cline in blood glucose also occurred in calves fed whole milk and a gruel-type 
replacer diet. Staubus ef al. (12) observed a less marked drop in calves fed a 
starter free-choice. 

Chlortetracyeline (aureomycin) has been reported to be a growth stimulant 
for calves by many investigators (4). In earlier work we observed that both 
increased rate of growth and a higher blood glucose level was maintained, even 
after milk feeding was terminated, when chlortetracycline was included in the 
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ration of high roughage—fed calves (2). Voelker ef al. (15) also showed that 
the blood glucose level of calves fed antibiotics was higher than their controls 
following oral administration of glucose, and that calves with higher blood 
elucose levels gained more in body weight. 

It was noted (38) that the proportion of volatile fatty acids in the rumen 
juice was shifted, butyric acid being higher and propionic acid lower in the 
aureomycin-fed calves compared to the controls. On the basis of these observa- 
tions, it was postulated that chlortetracycline increased growth through con- 
servation of energy resulting from deterred fermentation associated with de- 
pressed action of certain rumen microorganisms. This seemed likely because 
certain typical rumen microorganisms which were present in the cud material 
from older cows became established in the control calves but did not become 
established in the rumens of the chlortetracyeline-fed calves (3). 

In this study the changes in plasma- and corpuscle glucose (reducing sugar ) 
were studied from birth to 12 or 16 wk. of age in calves fed a 2:1 mixture of 
coarsely ground hay and grain or a similar pelleted high-roughage ration (1, 2) 
with and without chlortetracycline. This was done in an effort to elucidate 
which blood fractions were affected by the change-over from milk feeding to a 
high-roughage ration and by feeding chlortetracyecline. 

Growth, feed consumption, digestibility, and rumen function data obtained 
in conjunction with these experiments were reported previously (1, 2). 


EXPERIMENTAL PROCEDURES AND RESULTS 

In two experiments, 25 calves were used to study the changes in blood glu- 
cose. All calves nursed their dams for approximately three days and then were 
fed whole milk at the rate of 1 lb. per 10 lb. of birth weight to 6 wk. of age; 
the amount of milk fed was gradually reduced to zero during the 7th wk. The 
ground or pelleted high-roughage rations were offered free-choice after the third 
day and, from the end of the milk feeding period, constituted the only feed. 
Wheat straw bedding was used. Water, salt, and bonemeal were available 
free-choice. 

Weekly blood samples were drawn from the jugular vein at approximately 
3 hr. after the morning feeding. Whole blood and plasma glucose were deter- 
mined immediately by the method of Somogyi (11), using Nelson’s reagent (8). 
Red cell volume and plasma volume were determined on separate aliquots by 
centrifuging for 30 min. at 2,000 x G. The glucose values of various blood 
fractions were expressed in two ways: (a) the partition of the total glucose in 
100 ml. of whole blood into the amount in the plasma (mg/100 ml. of whole 
blood) and the amount in the corpuscles (mg/100 ml. of whole blood) and (b) 
the concentration of glucose expressed as mg/100 ml. in each of these two 
fractions. In order to accomplish this, analyses were made for whole blood 
glucose, plasma glucose, packed red cell volume, and plasma volume. Milligrams 
of plasma glucose (mg/100 ml. of whole blood), corpuscle glucose (mg/100 ml. 
of whole blood), and’ corpusele glucose (mg/100 ml.) were then caleulated 
using the following formulae: 
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Plasma glucose (mg/100 ml. whole blood) = 
Plasma vol. (%) X Plasma glucose (mg/100 ml.) 
ae 100 
Corpusele glucose (mg/100 ml. whole blood) = 
Whole blood glucose (mg/100 ml.) — Plasma glucose (mg/100 ml. whole blood) 


Corpusele glucose (mg/100 ml.) = 





100 < Corpusele glucose (mg/100 ml. whole blood) 


Red cell volume (% ) 








Experiment 1. This experiment was conducted to study the changes in 
plasma and corpuscle glucose in calves during and after the 7-wk. milk feeding 
period to 12 wk. Five calves, four Holsteins and one Jersey, were fed whole 
milk to 7 wk. of age and from the third day to 12 wk. they were offered, free- 
choice, a high-roughage mixture composed of two parts coarsely ground, third- 
eutting alfalfa and one part simple grain mixture. The formula and composi- 
tion of this ration are shown in Table 1. Changes in the concentration of 
plasma, corpusele, and whole blood glucose are shown in Figures 1 and 2. 


TABLE 1 
Composition of high-roughage rations 





Experiment 1 

















High- Experiment 2 
roughage aes inochi 
Ration group mixture Peilets A Pellets B 

Ground alfalfa hay (%) 66.6 66.0 65.54 
Ground shelled corn (%) 14.7 25.2 25.1 
Ground whole oats (%) 11.0 
Wheat bran (%) 3.7 is 
Soybean oil meal (%) 3.7 8.5 8.5 
Salt (%) 0.3 0.3 0.3 
Aurofae 2-A (%)* : 0.56 

100.0 100.0 100.00 





“Contains 3.6 g. chlortetracycline hydrochloride (aureomycin) per pound. 


Experiment 2. In this experiment, 20 Jersey calves were divided into two 
groups and used to study the influence of chlortetracycline on the whole blood, 
plasma, and corpuscle glucose to 16 wk. of age. Half the calves in each group 
were inoculated with fresh cud material (2). Starting at three days of age 
and continuing to 16 wk., high-roughage pellets (a) composed of two parts 
ground alfalfa hay and one part simple grain mixture were fed free-choice to 
the control group. Chlortetracycline (Aurofae 2-A) was added at the rate of 
20 mg/lb as a micro-ingredient in the pellets (b) fed the experimental group 
to 12 wk. of age. From 12 to 16 wk. these calves were also fed pellets (a) 
containing no chlortetracycline. The composition of the rations used is shown 
in Table 1. The results of the blood analyses in this experiment are presented 
in Figures 3 and 4. No differences in the blood picture were found between 
inoculated and uninoculated calves; thus, the data for each pellet group, (a) 
and (b), were combined. 








wwe etemstiinnns 


wf 
4 
| 
3 
= 
4 
| 











100 


90 


80 


70 


60 


Red Cell Vol.(%) 
Glucose (mg./ 100 mi. Whole Blood) 


50 


40 


20 


Fig. 1. 


T 


— 





ROUGHAGE SYSTEM FOR RAISING CALVES. X. 


Whole Blood 


Plasma 


Red Gell Vol. 







GCorpuscle 





= 
4 Off Milk 
a ae ae a ee ee 
4 6 8 10 12 
Age ( wk.) 


Changes in concentration of glucose (reducing sugar) in whole blood, plasma, and 


corpuscles (mg/100 ml. of whole blood) and red cell volume (per cent) in calves fed a high- 


roughage ration. 


These data confirm previous reports (9, 


Experiment 1. 


DISCUSSION OF RESULTS 


10, 14) that much of the decline 


in the blood glucose of young calves during the first 7 wk. is the result of a 


precipitous decline in corpusele glucose (Figures 1, 2, 3, and 4). The lowered 
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Fig. 3. Influence of chlortetracyecline on the changes in concentration of glucose (redue- 


ing sugar) in whole blood, plasma and corpuscles (mg/100 ml. of whole blood) and red cell 
volume (per cent) in calves to 16 wk. of age. Experiment 2. 

corpuscle glucose appeared to be the result of loss of fetal red cells and re- 
placement with postnatal red cells in which the concentration of glucose was 
lower (13). 

Plasma glucose also declined during the 7-wk. milk feeding period, but 
the sharpest drop occurred upon withdrawal of milk from the ration (Figures 
1, 2, 3, and 4). It is interesting to note that plasma glucose levels for the 
calves shown in Figures 1 and 2 and the control groups in Figures 3 and 4 
were lowest just after milk feeding was terminated. From this point they were 
shown to increase about 14 mg. % by the end of the feeding period. The low 
point and gradual rise in plasma glucose suggest that the calves were under- 
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Fig. 4. Influence of chlortetracycline on the changes in the concentration of glucose 
(reducing sugar) in plasma, whole blood, and corpuscles (mg/100 ml.) in calves to 16 wk. of 
age. Experiment 2. 


going a substantial adjustment in energy metabolism after being changed to 
complete dependence on the high-roughage rations and probably represent a 
period of suboptimum energy availability. However, since no serious break 
oceurred in the growth rate of the calves at this point (2), the depression in 
plasma glucose at weaning may not be a critical problem. 

As previously observed (3), chlortetracycline-fed calves maintained higher 
whole blood glucose levels (P < 0.01). These higher blood glucose levels were 
shown to be largely the result of increased plasma glucose (Figures 3 and 4). 
An analysis of variance of the means during the 8- to 12-wk. period, following 
removal of milk from the ration, revealed that the plasma glucose values, both 
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on the basis of mg/100 ml. of whole blood and mg/100 ml. of plasma, were 
significantly higher than the controls (P < 0.01). In the period after the 
chlortetracycline was removed from the ration, 12-16 wk., there were no sig- 
nificant differences between the groups. It is noteworthy that chlortetracycline 
prevented the depression of plasma glucose observed in the control calves 
following withdrawal of milk from the diet (Figures 3 and 4). 

These data strongly support the postulate that the influence on calf per- 
formance resulting from feeding low levels of chlortetracycline arises from its 
energy-sparing effects, reflected in the plasma glucose level. Other data pub- 
lished by the authors (3) suggest that this may result from the conservation 
of glucogenic substances as they pass through the rumen, associated with a 
shift in volatile fatty acid concentration in the rumen. 

It was shown previously (3, 5) that sudden withdrawal of chlortetracyeline 
from the ration of calves resulted in decreased rate of growth and decreased 
efficiency of feed utilization. Rumen inoculations administered after aureo- 
mycin feeding was terminated improved calf performance (7). These observa- 
tions, considered together with the observation that these effects were not found 
when the rumen was by-passed by feeding chlortetracycline in the milk (2), 
also implicate the rumen as the primary site of action of chlortetracycline on 
the energy metabolism of high roughage-fed calves. 
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FATTY ACID COMPOSITION OF THE LIPID FRACTIONS FROM 
BOVINE SERUM LIPOPROTEINS? ? 


LAURA EVANS, STUART PATTON, anp R. D. McCARTHY 


Department of Dairy Science, Pennsylvania Agricultural Experiment Station, University Park 


SUMMARY 


Weights and fatty acid composition of the lipid fractions have been determined 
from bovine serum lipoproteins separated ultracentrifugally at a solvent density of 
1.063 g/ml and corresponding in electrophoretic mobility to a- and §-lipoproteins. 
The vast proportion of serum lipids was contained in the high-density lipoproteins 
(D > 1.063), with the marked exception of the triglycerides, which were evenly divided. 
Degree of saturation in the high-density lipoprotein totai lipids was 27% and ranged 
from cholesteryl esters 8.4%, phospholipids 50%, nonesterified fatty acids 65%, to 
triglycerides 80%. The low-density lipoproteins (D < 1.063) showed a 74% degree of 
saturation in their total lipids which varied from phospholipids 73%, triglycerides 
84%, nonesterified fatty acids 86% to cholesteryl esters 89%. Fatty acid distribution 
indicated a large concentration of linoleate in the total lipids and cholesteryl esters of 
the high-density lipoproteins. This concentration was dispersed in their other lipid 
fractions. The low-density lipoproteins contained chiefly palmitate and stearate in all 
lipid fractions. Triglycerides in both high- and low-density lipoproteins were notably 
similar in weight, saturation, and fatty acid composition. 





During the past decade serum lipids have been studied from many perspec- 
tives. In the bovine, among other metabolic aspects an importance as milk fat 
precursors has been demonstrated (8, 21). Studies of bovine serum lipids, 
however, have dealt only with whole serum (3, 6, 8, 12, 14, 15, 21). In the area 
of human physiology Cohn (1) and Oncley et al. (19) showed that practically 
all of the plasma lipids are transported by plasma proteins in physical-chemical 
complexes. Characteristic changes in the concentration of certain of these lipo- 
protein complexes were found to occur in human diseases such as nephrosis, 
idiopathic hyperlipemia, infectious hepatitis, and primary biliary cirrhosis (9). 
A group of cooperating investigators (22) evaluated measurements of the lipo- 
proteins and agreed that those of density lower than 1.063 g/ml were associated 
with clinical manifestations of atherosclerosis. Since then many studies have 
been conducted in an effort to delineate significant differences between the 
lipoprotein classes. Many physical properties and chemical characteristics have 
been described. Among these investigations, Nelson and Freeman (17) outlined 
the phospholipid and phospholipid fatty acid content of certain human serum 
lipoproteins. However, no studies have as yet analyzed the fatty acid composi- 
tion of all the classic lipid fractions contained in serum lipoproteins. 

In an effort to throw additional light on the problem of bovine fat metabo- 
lism, as well as on the larger and perhaps related problem of human athero- 
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sclerosis, a study of the fatty acids in the lipid fractions from bovine serum 
lipoproteins was undertaken. 

Human serum lipoproteins can be divided into variously titled, but corre- 
sponding classes depending on the isolation procedure involved (1, 2, 18). 
Ultracentrifugation of serum adjusted to a density of 1.063 g/ml separates them 
into two main density groups. One is designated as high-density (D > 1.063) 
and sediments, along with the serum proteins, toward the bottom of the tube, 
whereas the other is designated as low-density (D < 1.063) and floats to the top 
as a concentrated opaque layer. These large fractions correspond in solubility 
to lipoproteins obtained by ethanol-water precipitation in Classes IV, V, and 
VI and I and III, respectively (9). They further correspond in electrophoretic 
mobility to those that are separated as a- and £-lipoproteins (9). The high- 
density lipoproteins migrate with the a-globulins and the low-density lipoproteins 
with the 8-globulins. Similar migration patterning has been observed in electro- 
phoretie studies of serum lipoproteins from oxen and calves (16, 23). Because 
of marked differences in composition and concentration between the high- and 
low-density lipoproteins in normal as well as pathological conditions (9), this 
division seemed fruitful for analysis in the bovine. 


METHODS 

Blood was drawn from the jugular vein of four normal mature Holstein 
cows representing various stages of lactation. They were on a diet of blue grass 
pasture supplemented with mixed hay and a common 16% protein grain mixture. 
After being allowed to clot for 2 hr. at room temperature, the blood samples 
were centrifuged at 552 X G for 45 min. and the serum separated. Two main 
lipoprotein groups were obtained by ultracentrifugation of the serum adjusted 
to a solvent density of 1.063 g/ml (9), followed by quick freezing and tube- 
sawing (5). The high-density lipoproteins were separated, together with the 
serum proteins, in the bottom portion of the ultracentrifuge tubes, while the 
low-density lipoproteins were isolated in an opaque layer at the top. An electro- 
phoretic study was made of the separated lipoprotein groups to ascertain their 
correspondence in mobility to a- and 8-lipoproteins. A horizontal-flow electro- 
phoresis apparatus was used, with a technique essentially similar to that of 
Jencks (11). After staining for lipid and protein (11), a comparison was made 
between the lipoprotein migration distances and those of the a- and 8-globulins. 
This procedure also demonstrated that the ultracentrifugally separated lipopro- 
teins were not contaminated with one another. Total lipids were then extracted 
as reported earlier (15) from the high-density lipoproteins, low-density lipo- 
proteins, and 100 ml. of serum which they represented. Extracts were evapo- 
rated at 40° C. under water pump vacuum. Weights of these extracts were 
obtained from the last two cows studied. Lipid fractions were isolated on silicic 
acid columns (10) and their identity ascertained by infra-red spectroscopy. 
After being weighed (in the case of the last two cows), the lipid fractions were 
subjected to transmethylation, to convert their constituent fatty acids to methyl 
esters. This was accomplished using a solution of 1% H2SO, in methanol and 
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refluxing for 2 hr. Methyl esters were separated by gas chromatography, using 
Barber-Colman Model 10 and Model 20 instruments. The stationary phase for 
the chromatography columns was ethylene glycol succinate polyester coated 
on Celite, 80-100 mesh. The column length was 9 ft., column temperature was 
180° C., and the carrier gas was argon at 20-lb. pressure. Duplicated runs at 
these operating conditions showed a measurement error within 1% (4). Identi- 
fication and quantitation procedures have been previously deseribed (20). 

A confirmatory study of 12 normal Holstein cows was made regarding the 
fatty acid distribution in their total serum lipids. Techniques used for lipid 
extraction and transmethylation were similar to those of the main study. 


RESULTS AND DISCUSSION 

The terms high- and low-density lipoproteins are used in this discussion to 
designate the bovine serum lipoproteins which separate ultracentrifugally at a 
solvent density of 1.063 g/ml and migrate with the a- and -globulins, respec- 
tively, when subjected to electrophoresis. Included as high-density lipoproteins 
are all lipoproteins of density greater than 1.063 g/ml. Lipoproteins of density 
less than 1.063 g/ml, together with any chylomyera which may be present in 
normal bovine serum, are included as low-density lipoproteins. The basic solvent 
density condition of 1.063 g/ml was considered worth using in this study as a 
basis for comparison with other studies of human and animal serum lipoproteins 
that had been separated at that same density (2, 5, 9, 17). This decision was 
reinforced by finding that the bovine serum high- and low-density lipoproteins 
separated in this manner showed electrophoretic mobility of a- and £-lipopro- 
teins, respectively. 

Weights of the various lipid fractions, obtained from the last two cows used 
in this study, are presented in Table 1. It can be seen that the high-density 
lipoproteins contain the preponderant part of the serum lipids with the notable 
exception of the triglycerides. Havel et al. (9) have shown the tendency of 
lipids to be concentrated in the serum high-density lipoproteins of other animals 
as well, but to not such an appreciable degree. Human serum has been demon- 
strated by Oncley (18) to contain an increased proportion of only phospholipids 
in its high-density lipoprotein fraction, whereas the other lipids, especially 
triglycerides, were greater in the low-density lipoproteins. Weights of the 
whole serum lipid fractions are in essential agreement with those of Lough e¢ al. 

14). 

Table 2 is based on mean values from four Holstein cows. It shows the degree 
of saturation and fatty acid distribution among the lipid fractions from whole 
serum and from high- and low-density lipoproteins. Relative order of saturation 
between the whole serum lipid fractions, as well as their fatty acid pattern, 
agrees with those of earlier investigators (6, 12). The degree of saturation, 
however, disagrees with those studies (6, 12), in that it is lower in the whole 
serum total lipids and cholesteryl esters while being higher in the triglycerides, 
nonesterified fatty acids, and phospholipids. These differences in degree of 
saturation may reflect variations between individual bovine, breeds, sexes, 
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feeding regimes, and/or experimental procedures. A greater awareness of 
possible interbreed and sex variances seems especially worth-while, considering 
the contemporary lack of information in these areas. 

A great difference in degree of saturation can be seen between the total lipid 
fatty acids of the high- and low-density lipoproteins. The high-density lipo- 
proteins show a very slight total saturation that varies from a low level in the 
cholesteryl esters through a medium range in phospholipids and nonesterified 
fatty acids to a much greater degree of saturation in the triglycerides. The 
low-density lipoproteins, however, evince an elevated total saturation which 
prevails throughout their lipid fractions. The variance in total saturation is 
different from that found, thus far, in lipoproteins of human serum. Gillies 
et al. (7) have demonstrated fractions, corresponding to the low-density lipo- 
proteins, that contain a much greater proportion of polyunsaturated fatty acids. 

A eomparison of fatty acid distribution between the lipoprotein lipid frac- 
tions indicates a primary concentration of linoleate in the total lipids and 
cholesteryl esters of the high-density lipoproteins. This effect becomes dispersed 
in their other lipid fractions, following a course inversely proportional to degree 
of saturation. The low-density lipoproteins show a consistent concentrating of 
palmitate and stearate throughout their lipid fractions. However, in the non- 
esterified fatty acids, a slight decrease in stearate proportion appears compen- 
sated by a myristate increase. 

The similarity in fatty acid distribution and degree of saturation between 
the high- and low-density lipoprotein triglycerides appears particularly cogent 
in connection with their similarity in absolute weight per unit of serum. Since 
the high-density lipoproteins are much smaller in size than the low-density 
lipoproteins, and show much less saturation, it is possible that some homeostatic 
factor might be effecting a dilution of saturated triglyceride concentrations in 
the low-density lipoproteins by breaking them down to lipoproteins of high 
density and adapting them with unsaturated cholesteryl esters. This may facili- 
tate transport and insure proper dispersion of the triglycerides. The dilution 
effect would seem to be physiologically advantageous, inasmuch as increased 
proportions of low-density lipoproteins have been found closely associated with 
atherosclerosis and other human diseases. 


TABLE 3 


Fatty acid composition of total serum lipids in the Holstein 
(expressed as mean weight per cent and range) 


Weight 
Fatty acid per cent Range 


Cia os 1l- 4 

Cu 6 1.2— 2.4 

Cu +t 2- 8 
y 9.6-22 
3.2- 5.2 
9.1-25 
7.7-17 
28 -53 
5.1-13 
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Table 3 presents the mean distribution of total fatty acids in the sera of 12 
Holstein cows sampled in a corollary study. The data indicate a general lack of 
short-chain fatty acids in the total lipids of bovine serum. This essentially 
eliminates the possibility that increased proportions of short-chain fatty acids 
(Cg-Ci4) compensate for lack of long-chain unsaturated fatty acids (Cis= — Cis**) 
in the serum of some normal Holstein cows. Thus, the shortage of short-chain 
fatty acids in the sera of the four cows used in the main study seems character- 
istic of the Holstein. 

A comparison of fatty acid distribution between the whole serum total lipids 
in Tables 2 and 3 further confirms the representativeness of the original four 
cow-sample. 


The high- and low-density lipoproteins in bovine serum show significant 
differences in their lipid moieties. Variations exist not only in weight propor- 
tions but in degree of saturation and fatty acid patterns. Few but notable 
similarities also are present. Further studies seem indicated regarding lipo- 
protein turnover, density subgroup distribution, preferential attack by lipases, 
relation to triglyceride dynamics, and a more complete characterization of the 
associated proteins and phospholipids. 
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VARIOUS SILAGES TO LACTATING DAIRY COWS 
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SUMMARY 


A feeding trial was conducted comparing the nutritive value of high-moisture corn 
when fed in combination with corn, oat, or sorghum silage to cows of varying productive 
capacity. An attempt was made to feed the high-moisture corn on an equal dry matter 
basis and any variation in the total dry matter consumption that did occur was removed 
by regression techniques before a final analysis was made. The efficiency of utilization 
of the dry matter of the high-moisture corn inereased as the moisture content of the 
corn increased from 22 to 32% moisture. The dry matter of oat silage was used less 
efficiently for the production of milk than was the dry matter of corn or sorghum 
silage. The latter two were about equally well utilized for milk production. 

The significance of body weight changes of cows fed the various high-moisture corns 
and silages was obscured by a second-order interaction. However, the lower-moisture 
corns fed in combination with oat silage to high-producing cows were less efficient in 
maintaining body weight than were other possible combinations. 

The high-moisture corn fed in this trial was found to contain yeast rather than mold 
when removed from storage. No difficulties were observed when high-moisture corn 
was fed to lactating dairy cows. 





The use of picker-shellers and other heavy corn-harvesting equipment has 
aroused an interest in early harvest of the corn crop to minimize the incon- 
venience of wet fields due to fall rains. 

Boyd et al. (6) and Isaaes et al. (9) have shown that high-moisture corn 
can be stored in silos with little or no spoilage. Isaaes successfully stored high- 
moisture corn containing 25 and 30% moisture, and Boyd successfully stored 
ground shelled corn containing as high as 40% moisture. 

The fact that corn can be harvested early and stored with little or no spoilage 
raises a question as to the nutritive value of high-moisture corn. Boyd et al. 
(6) compared the nutritive value for lactating dairy cows of ground shelled 
corn containing either 26 or 40% moisture and ground ear corn containing 36% 
moisture with a control corn containing 15% moisture. They noted significant 
differences during a 112-day experimental period in the per cent decline of 4% 
fat-corrected milk production between cows fed the various corn rations. The 
control and the 26% moisture corn groups declined 29 and 24%, respectively, 
whereas the 40% moisture ground shelled corn group and the 36% moisture 
ground ear corn group declined 46 and 40%, respectively. Boyd explained the 
large decline in milk production by cows fed the 36% moisture ground corn as 
an influence of the cob portion of the ration. However, ground ear corn is 
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€ 
usually considered equal in feeding value to shelled corn for dairy cattle unless 
the concentrate portion of the ration is already high in bulky feeds (10). 

It was the purpose of this project to further investigate the use of high- 
moisture corn as a feed for lactating dairy cows. The experiment was designed 
to evaluate the effect of meisture content of the corn when fed in combination 
with different silages to cows of varying productive capacity. 


EXPERIMENTAL PROCEDURE 


Nine Brown Swiss and 18 Holstein cows of the University of Illinois pure- 
bred herds were grouped according to milk production, kind of silage fed, and 
moisture level of the corn grain in a combination split-plot and switch-back 
design. The experimental plan is shown (Table 1). The 27 cows were assigned 


TABLE 1 


Assignment of cows 





I. High producers 

Corn silage Oat silage Sorghum silage 
Roughages: and hay and hay and hay 
Cow No. 1392* 1419 1575 1469* 1651 1628 1567" 1516 1642 





d Cc A 
II / } A B 
III } d B Cc 


Periods (7 wk.) 
I 


( 
A 
B 


II. Medium producers 
Corn silage Oat silage Sorghum silage 
Roughages: and hay and hay and hay 
Cow No. 1481* 1515 1574 1249* 1458 1580 1452* 1570 1630 





Periods (7 wk.) 
Cc A B f B ; Cc 
IT B C y. ; A A B 
III A B C Cc ! C A 


IIT. Low producers 

Corn silage Oat silage Sorghum silage 
Roughages: and hay and hay and hay 
Cow No. ; 1624* 1646 1532 1632* 1644 1647 1611* 1633 1648 








Periods (7 wk.) 
I C A C A B A B 
II } A B A B C B C 
III y. B C B Cc A C A 





“Brown Swiss. 
Grain rations: A = 22% corn + S.O.M. mineral mixture; B = 26% corn + S.0.M. mineral 
mixture; C= 32% corn + S.O.M. mineral mixture. 


to three major groups according to initial level of production. The daily 4% 
fat-corrected milk (FCM) production for the groups ranged from 51.8 to 67.0 
lb. for the high-production group, from 36.9 to 51.9 lb. for the medium-produc- 
tion group, and from 30.0 to 38.4 lb. for the low-production group. The nine 
cows of each group were further randomly divided into subgroups, placing one 
Brown Swiss and two Holstein cows on a diet of corn, oat, or sorghum silage 
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for the entire course of the experiment. The three cows of each subgroup within 
a major group were alternated in a random fashion to provide an equal number 
in each sub-subgroup at all times. The sub-subgroups consisted of cows receiving 
rations of 22, 26, or 32% moisture shelled corn. The experiment was conducted 
for 21 wk., from November 1 to April 10, and was divided into three periods of 
7 wk. each. The data obtained during the last 5 wk. of each period were used 
for analysis. 

Each cow received daily 6 lb. of good-quality alfalfa hay, 1 lb. of grain per 
3 lb. of FCM, and silage to a maximum of 1.5 lb. hay equivalent per 100 lb. live 
weight. The grain portion of the ration included high-moisture shelled corn fed 
at a rate to provide dry matter equal to that of corn containing 13% moisture 
and 2.0 lb. of soybean-oil-meal mineral mixture. When the corn allowance 
dropped below 6 lb. per day, the soybean-oil-meal mineral mixture was reduced 
to 1.0 lb. per day. Under no circumstance was the corn allowance reduced 
below 4 lb. per day. 

The high-moisture corn had a fermented odor and a darkened appearance 
when removed from the silos in which it was stored. Samples taken at various 
levels within a foot of the top of each silo revealed yeast to be present rather 
than mold. However, the corn molded readily when it was removed from 
storage and allowed to stand at room temperature. 

The cows were stabled in their normal stalls with no attempt at grouping. 
Wheat straw was used for bedding. Daily feed and milk records were kept. 
Milk samples were taken the first three days of each week and the fat content 


was determined by the Babcock method on composite samples. Feed samples 
were also taken the first three days of each week and the dry matter determined 
by drying at 62° C., in accordance with the findings of Colovas (7). 


RESULTS AND DISCUSSION 


A statistical analysis of the data for dry matter intake by cow groups is 
presented in Table 2. This analysis reveals no significant differences in the 
amount of dry matter consumed by the cows of varying productive capacity. 
The similarity in dry matter consumption is not unexpected, since grain was 
the most variable component of the ration. The grain portion of the ration was 
fed in proportion to the quantity of milk produced, and milk production varied 
an average of only 4 lb. per cow per day between the high- and low-producing 
groups. 

When cows were grouped according to the type of silage fed, the cows in 
the group fed oat silage consumed significantly less dry matter (P < .05) than 
did cows either in the group fed corn silage or in the group fed sorghum silage. 
This relationship was consistent among high-, medium-, and low-producing cows 
and when the silages were fed with rations containing corn with 22, 26, or 32% 
moisture. This may be attributed in part to the fact that the oat silage con- 
tained more moisture than the two other silages. In addition, a capacity or a 
palatability problem resulted, for not all of the cows consumed the entire amount 
of silage allotted them. The oat silage group, in particular, suffered this diffi- 
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TABLE 2 


variance of dry matter intake 


Analysis of 


Sums of Mean 
Source“ squares square 


| ot 


Total 
Production level 
Silages 
Corn vs. oat and sorghum 
Oat vs. sorghum 
Silages X production level 
Animals in silage error (a) 
Periods 
Corn 
Linear 
Quadratic 
Corn X silage 


2,077.45 
273.23 136.62 
496.25 248.13 
152.62 152.62 
343.63 343.63 

53.80 

966.95 Od. 2 
145.08 2.54 
16.48 8.24 
16.47 3.47 
01 01 
8.10 2.03 
Corn X production level 3.94 99 
Corn X silage < production 26.80 3.35 

Error (b) ‘ 86.82 ‘ 


oo | § 
tial ae Oe 


—_ 
a 


Dim eee 


* Significant at the 5% probability level. 
“The single degrees of freedom not shown were found to be not significant (P < .05). 


culty. The corn silage group more nearly approached complete consumption of 
its allotted portion than did the sorghum silage group, although the moisture 
contents of the corn and sorghum silages were nearly equal. This would suggest 
that the corn silage was slightly more palatable than the sorghum silage. The 
amounts of dry matter consumed by cows fed either corn or sorghum silage 
were nearly identical. 

A significant linear relationship (P < .05) was observed in the dry matter 
intake of cows fed rations containing corn of different moisture content. The 
groups fed corn containing 22, 26, or 32% moisture consumed 804.5, 820.1, and 
834.3 lb. of dry matter per day, respectively. The relationship was not evident 
in Periods 1 and 2, even though the combined data for the entire experiment 
showed a significant trend. The discrepancies in Periods 1 and 2 apparently 
are related to variations in milk production. Because of a last-minute substitu- 
tion, the 32% moisture corn grain group began the experiment at a lower level 
of production and consumed less dry matter than the two other groups during 
the first period of the experiment. As the trial progressed, and the cows were 
switched back and forth to permit each cow to receive each type of corn grain 
available, the situation was reversed. 

The level of milk production did not influence the amount of dry matter 


consumed by the silage groups or the high-moisture corn groups. Neither did 
the kind of silage fed cause a variation in the amount of dry matter consumed by 


the various high-moisture corn groups. However, as has already been noted, 
the amount of dry matter consumed varied linearly with respect to the moisture 
content of the corn grain, and the dry matter consumption was depressed in the 
case of the oat silage group. For these reasons, it was necessary in analyzing 
the body weight gains and the milk production data to adjust the data, using 
regression techniques (11) to remove the variation due to differences in dry 


matter consumption. 
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Fig. 1. Average milk production of cows in the corn silage and high-moisture corn groups. 


Figure 1 presents the unadjusted daily milk production records of the silage 
and high-moisture corn groups. Although an attempt was made at the be- 
ginning of the trial to assign the cows to uniform groups, a discrepancy occurred 
in the 32% moisture corn group. This group had a lower initial level of 
production. However, the production curve of the 32% moisture corn group 
shows a greater persistency than do the curves for either of the two other high- 
moisture corn groups. The 32% moisture corn group declined an average of 
only 11 lb. of FCM per cow during the experimental period, whereas the 26% 
moisture corn group declined 15 lb., and the 22% high-moisture corn group 
declined 16 lb. of FCM during the experimental period. 

The cows fed corn silage were slightly more persistent than those fed either 
sorghum or oat silage. During the experimental period, the daily milk produc- 
tion for the corn silage group declined an average of 10 lb. of FCM per cow, 
whereas the oat silage group declined an average of 13 lb., and the sorghum 
silage group declined an average of 16 lb. of FCM per cow. 


A statistical analysis of the milk production data adjusted for variability 


in dry matter intake is presented in Table 3. The milk production of the high- 
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TABLE 3 


Analysis of variance of milk production adjusted for dry matter intake 


Adjusted Adjusted 
sums of mean 
squares square 


mt 


Source* 
Total 
Production level 
Silages 
Corn vs. oat and sorghum 
Oat vs. sorghum 
Silages X production level 
Animals in silage error (a 
Periods 
Corn 
Linear 
Quadratic 
Corn X silage 
Corn X production level 
Corn X silage X production level 
Error (b) 


* Significant at the 5% probability level. sn 
“The single degrees of freedom which are not shown were found to be not significant. 





PP PREP Pkee bo Po oo 


4,434.79 
568.94 320.76 
1,108.82 554.41 
339.97 339.97 
768.85 768.85 
103.82 25.96 
2,068.74 121.69 
282.77 141.39 
27.81 13.91 
27.52 27.52 
29 29 
12.10 3.02 
6.97 1.74 
56.93 7.11 
197.89 6.00 


—_ 


w 
“Hw 





moisture corn groups varied directly with the moisture content of the corn. 
FCM production for the entire trial period was 801.1, 838.5, and 871.9 lb. per 
day, respectively, for the 22, 26, and 32% moisture corn groups. After removal 
of the variation due to differences in dry matter intake, this linear trend was 
shown to be significant (P < .05). The reason for the more efficient utilization 


of the dry matter in the 32% moisture corn is not readily apparent. A part of 
this effect might have been a result of the greater mechanical damage incurred 
in the harvesting and storing of the 32% moisture corn. However, the 26% 
moisture corn apparently received the least amount of mechanical damage and 


was intermediate in efficiency of utilization. 

The oat silage group produced significantly less milk (P < .05) than did the 
two other silage groups. The daily milk production for corn, oat, and sorghum 
silage groups was 930.5, 750.3, and 837.7 lb., respectively. This relationship was 
consistent throughout all three periods, indicating that the dry matter of oat 
silage is used less efficiently for milk production than is the dry matter of corn 
or sorghum silages. 

The FCM production of the high-, medium-, and low-producing cows was 
not significantly different after dry matter consumption variabilities were re- 
moved. The high-, medium-, and low-production level cows average 49, 44, and 
37 lb. of FCM per cow per day, respectively, at the beginning of the experiment. 
There were no significant interactions in the feed efficiencies for the production 
of milk by cows fed the various silages and high-moisture shelled corns or by 
their level of milk production. 

Table 4 contains the analysis of the body weight changes after adjustment 
for dry matter intake. The body weight changes were influenced by the type of 
silage fed, the moisture content of the corn grain fed, and the milk production 
of the cows. The interaction of these three factors produced significant body 
weight changes, although no significant effects were observed from any two of 
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TABLE 4 


Analysis of variance of body weight gains adjusted for dry matter intake 
Adjusted Adjusted 

sums of mean 

squares square 


101,162.37 
417.27 208.64 
407.99 407.99 
9.28 9.28 
11,824.19 5,912.10 
6.69 6.69 
11,817.51 11,817.51 
1,233.98 308.50 
9,053.39 532.55 
47,230.07 23,615.04 
5,071.51 2,535.76 
4,852.43 4,852.43 
219.08 219.08 
2,365.95 591.49 
3,633.04 908.26 
6,473.81 809.23 
1,809.78 1,809.78 
3,060.12 3,060.12 
13,859.16 419.97 


Qo. 
mt 


Source* 





Total 
Production level 
I Linear 
II Quadratic 
Silages 
III Corn vs. oat and sorghum 
IV Oat vs. sorghum 
Silages < production level 
Animals in silage error (a) 
Periods 
Corn 
V Linear 
VI Quadratic 
Corn X silages 
Corn X production level 
Corn X silage X production level 
VXxIvxI 
VI X III XI 
Error (b) 


—_ 


es ee ee ee oe oe colle o 


we) 





* Significant at the 5% probability level. 
“The single degrees of freedom which are not shown were found to be not significant. 


the factors. High-producing cows fed oat silage and 22% moisture corn grain 
lost more weight during the trial than did high-producing cows fed corn or 
sorghum silage and 26 or 32% moisture corn. The weight losses per cow per 
period after adjustment for dry matter consumed varied linearly with production 
level and linearly with moisture content of the corn. The high-, medium-, and 
low-producing cows lost an average of 38, 27, and 21 lb. of body weight per cow, 
respectively, per period. The 22 and 26% moisture corn grain groups lost an 
average of 54 and 36 lb., respectively, whereas the 32% moisture corn grain 
group gained an average of 3 lb. per cow per period. The oat and corn silage 
groups lost 74 and 28 lb. per cow per period, respectively, while the sorghum 
silage group gained an average of 15 lb. per cow per period. These differences 
might be due to variations in degree of fill, but when averaged over nine cows 
per group, there is an indication of a trend. For a clear-cut answer to the ques- 
tion of weight changes regarding a particular silage or moisture level of corn 
grain, the feed in question should be tested with no more than one of the other 
factors tested here. 

The results obtained in this experiment regarding the nutritive value for 


milk production and weight gains of high-moisture corn correspond to the results 
obtained by Boyd et al. (6), who found a greater nutritive value for 26% 
moisture ground shelled corn than for lower-moisture corns. These authors also 
indicate that shelled corn containing 40% moisture and ground ear corn con- 
taining 36% moisture is inferior in nutritive value for lactating dairy cows to 
26 or 15% moisture corn. The results of the present experiment further corre- 
spond to those obtained by Beeson et al. (1-5), and Culbertson et al. (8), who 
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report an increased feed efficiency of high-moisture corn of 31 and 32% moisture 
over 10 to 15% moisture corn for fattening beef cattle. 
In general, the experimental evidence indicates that the nutritive value of 


high-moisture corn increases linearly as the moisture content of the corn 


increases up to approximately 32% moisture. 
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SUMMARY 


By means of a switch-back design, the net energy values for pineapple bran and 
pineapple hay were determined as being 53.5 and 38.9 megacalories per 100 Ib., 
respectively. Milk production and butterfat levels were maintained satisfactorily 
when pineapple hay and pineapple bran were used as a roughage source. Neither 
material had an adverse effect on milk flavor. Pineapple hay appears to be a potential 
source of medium-quality roughage for cattle feeding. 





Hawaii’s admittance as the 50th state in the Union has triggered a vigorous 
industrial and urban development of existing farm areas. The dairy industry 
has not escaped this encroachment. An earlier survey conducted by Philipp 
and Koshi (16) indicated that most of the dairy cows are fed and managed 
under dry-lot conditions and that approximately a third of the animals supply- 
ing the Honolulu milk market do not receive any form of farm-grown forages. 
Consequently, considerable tonnages of hauled-in soilage and imported roughages 
such as double-compressed alfalfa hay, wafers, pellets, and chopped hay are 
being used to supply the roughage needs of the cows. 

Profitable dairy production is closely associated with an abundant source 
of economical, quality forage, but in areas where land is limited and high-priced, 
conventional forage production does not appear possible. Therefore, some other 
avenues of roughage supply must be sought. Studies with beef and dairy cattle 
(4-6 18, 15, 17, 18) have shown that roughages of lower quality could be used 
with apparent good results when properly supplemented with other feedstuffs 
to formulate an adequate ration. The possibility of using dehydrated pineapple 
plant | Ananas comosus (li.) Merr.|, hereafter referred to as pineapple hay, as a 


source of roughage for milking cows, was investigated to further elucidate its 
potential as a feedstuff in the ration of milking cows. Preliminary feeding 
trials (14) showed that chopped pineapple plants fed either as soilage or silage 
were comparable to fresh chopped napier grass (Pennisetum purpureum) in 
feeding value and milk production. 
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The present study reports the net energy values of pineapple bran and pine- 
apple hay when fed to milking cows and their effect on milk production and 
milk quality. 

EXPERIMENTAL PROCEDURES 

Twelve Holstein-Friesian cows past their lactation peaks, and whose records 
showed no more than mid-gestation at the close of the experiment, were selected 
and allotted to a combined switch-back, incomplete block design as developed 
by Lucas (10) with four treatments, three periods, and three blocks. Between 
cow variation in production and most of the variations due to differences in 
persistency were automatically removed from the experimental error by the use 
of this design. Only three of the treatments are of concern in this study. They 
consisted of : 

1. 100% basal 
2. 70% basal + 30% pineapple bran 
3. 70% basal + 30% pineapple hay 

The percentage composition of the basal ration consisted of pineapple bran, 
40.0; soybean oil meal, 30.0; cane molasses, 15.0; rolled barley, 10.0; and coco- 
nut oil meal, 5.0. Trace-mineralized salt and dicaleium phosphate (50: 50) 
were fed free-choice. A large amount of pineapple bran was used because pine- 
apple bran is palatable, an economical feed produced locally, and a good source 
of roughage material. The experimental cows did not receive any form of 
additional roughage over and above that supplied in their respective rations 
in the form of pineapple bran or pineapple hay. 

The protein intake of these cows was such that on Rations 1, 2, and 3 the 
protein furnished was sufficient for full milk production. 

The feeding procedures, management of the experimental animals, collection 
of milk and feed samples, body weight measurements, fat tests, and gross 
energy determinations have been published earlier (8). 

The total digestible nutrients (TDN), digestible crule protein (DCP), and 
digestible energy (DE) were determined on all rations in conventional digestion 
trials with sheep. Six trials each were conducted on the basal, basal + pine- 
apple bran, and basal + pineapple hay. TDN was calculated from digestible 
organic matter (7). Gross energy of milk was calculated from a prediction equa- 
tion, Y = 35.09 + 8.89.Y, where Y equals energy value of fluid milk in kilocalories 
(keal.) per 100 g. and XY equals per cent fat. This equation was developed from 
earlier work (8) involving the relationship of per cent fat to gross heat of com- 
bustion, involving 152 samples varying from 1.4 to 4.0% fat. The coefficient of 
determination (77) was 0.98 and the standard error of the regression coefficient 
(b = 8.89) was 1.79. Net energy (NE) values were determined from the basic 
eoncept, NE = M+P, where M equals energy for maintenance and P equals 
energy appearing in products such as milk and body weight gains. The method- 
ology for the development of the equations was reported previously (8). Milk 
flavor and rancidity scores were determined by the quality control laboratory of 
the Honolulu Dairymen’s Association, Honolulu, Hawaii. 
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Pineapple hay used in this experiment included the slips, suckers, immature 
fruits, stumps, and dead leaves as shown in Figure 1. The plants were hand- 
harvested, chopped, and dried in a triple-pass dehydrator. The pineapple plants 
are ready for harvest immediately after the last marketable ratoon fruits are 
picked. Based on a 3-yr. plant cycle and a statewide acreage of 77,000 acres, 
approximately 25,000 acres could be harvested for possible livestock feeding, 


with a potential dry matter yield of 15 to 20 tons per acre. 


i 


PEOUNCLE 
SUCKER 


MOTHER STEM 


Fig. 1. Longitudinal section of pineapple plant showing various plant parts. Vegetative 
portions above dotted line to be used for possible commercial production. 


RESULTS AND DISCUSSION 


The results of the digestion trials are shown in Table 1. The digestibility 
trials demonstrated that pineapple bran was highly digestible and palatable. 
Pineapple bran, the dehydrated cannery residues consisting primarily of pine- 
apple fruit shells and trimmings, is one of the by-products of the pineapple 
industry. It is not a bran by feedstuff definition but falls into the pulp cate- 
gory, such as beet and citrus pulp. A TDN value of 66.1 lb. per 100 lb. and a 
DE value of 118.0 megacalories (meal.) per 100 lb. for pineapple bran compare 
favorably with dried spring and autumn pasture grasses and other forages on 
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TABLE 1 
Composition and feeding value of pineapple bran and pineapple hay, as fed 


Dry Gross 
Ration matter energy DE TDN DCP 





(%o) (keal/q) (keal/g) (lb/ewt) (lb/ewt ) 

Basal 87.10 3.37 3.07 71.18 16.61 
Basal plus: 

30% pineapple bran 87 BE 3.67 2.93 69.66 

30% pineapple hay 3.77 2.77 65.75 
By difference: 

Pineapple bran 

Pineapple hay 
Standard error of the mean, s X 


2.60 66.13 0.00 
2.07 53.08 1.47 
- .05 + 0.64 


western mountain ranges (12). Pineapple bran is one of the major constituents 
fed to dairy animals in Hawaii and its demand far exceeds the normal supply 
of 20 to 25,000 tons per year. The advantage in unit cost of available energy 
per 100 lb. of pineapple bran in comparison with other carbonaceous feeds, 
coupled with a mounting demand for its use by other classes of livestock, has 
had an economic impact on the dairy industry. 

The dehydrated pineapple hay was highly acceptable by the test animals. 
The corresponding TDN and DE values per 100 lb. of pineapple hay were 53.1 
Ib. and 93.5 meal., respectively. These values are in line with dry roughages 
such as clover hay or Hegari fodder. 

The DCP content of pineapple bran and pineapple hay was negligible. 

The results of this experiment are interpreted as setting the minimum values 
for TDN, DE, and NE for pineapple hay, since the entire plant (including 
senescent and dead plant parts which are low in feed value) was used. On a 
commercial basis, the top one-third of the ratoon pineapple plant would be used 
for feed production. This would eliminate dead plant material so that the 
starting material for pineapple hay would be comprised primarily of green, 
succulent plant material and this, in turn, should give rise to a better quality 
feed. 

Table 2 shows that there were no statistically significant differences in milk 
energy or total energy production between the basal ration and the rations con- 
taining either 30% pineapple bran or pineapple hay. The total efficiency with 
which the DE was converted to energy in milk and energy in body weight 
changes showed the same trend, although there appeared to be some apparent 
differences. One of the problems associated with a change-over design is that 
the results of a given treatment may be affected by the previous treatments in 
the same sequence (11), but since in a previous study (8) there were no carry- 
over effects of somewhat similar rations, the evaluation of the response to treat- 
ment appears valid under the conditions of this study. The partial efficiency 
with which DE was converted to milk energy was somewhat lower than the 
average efficiency of 338% cited by Brody (1) for good cows. There were con- 
siderable differences between individual cows in their ability to convert DE to 
milk energy. Information of this sort may be useful in upgrading a milking 


herd for greater efficiency in milk production, 
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TABLE 2 
Energy yield and efficiency of energy utilization 





Ration 


Basal plus: 


Pineapple Pineapple 
bran hay 


Basal 


Body weight (lb.) 1,195 1,199 1,179 
Daily feed intake, as fed (kg.) 11.00 86 11.53 
Daily DE intake (kcal.) 29,088 28,34: 27,847 
Daily milk energy yield (keal.) 7,691 7,215 7,762 
Daily weight gain (lb.) 0.57 0 
Daily energy equivalent to weight 

gain or loss (keal.)* 1,112 
Daily total energy yield (P) (keal.) 8,803 
Total energy efficiency (%)° 30.26 
Partial energy efficiency (%)° 26.44 25.46 


“One pound of body weight change is equal to 1.95 meal. (8). 
, 100 X total energy yield 
DE intake ; 
100 X milk energy yield 


DE intake 





The caleulation of the NE of the basal ration, pineapple bran, and pineapple 
hay is presented in Table 3. 

The lower level of NE required for maintenance of dairy cows given by 
Morrison (12) is deseribed by the equation, NE = 0.0137 W°®-5?, where NE is 
expressed as megacalories per day and W as pounds in body weight. By use 
of this equation, one can calculate the NE required for maintenance (1) for any 
eiven body weight. Since the total energy yield (7?) ineludes the correction 
for body weight changes, the basic concept for the determination of NE, NE = 


V+ P, is satisfied. 


TABLE 3 
Calculations of NE of pineapple bran and pineapple hay for milk production 
Basal + 30% 


Pineapple Pineapple 
Basal bran hay 


1,199 1,179 


fody weight (lb.) (W) 
6.54 6.44 


NE for maintenance (meal.) (M)* 
Total energy yield (meal.) (P)” 7.88 7.76 
Total NE in ration (meal.) (M+ P) 5.32 14.42 14.20 
Feed intake (kg/day) (F) ‘ 10.86 11.53 
NE of Ration 

Kiloealories per kilogram * (NE) 39% 1,328 

Megacalories per 100 Ib. : 60.3 
NE of additive 

Kiloealories per kilogram “ 

Megacalories per 100 Ib. 


1,177 
5 


ox 
Oo. 


"M=0.0187 Wem. 
"From Table 2. 
(M+ P) 


NE of basal + additive 7 X NE of basal 


1,000. 


i 
O38 
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By comparing the groups fed the basal plus the two additives, the NE of 
pineapple bran and pineapple hay was found to be 53.5 and 38.9 meal. per 
100 lb., respectively, as shown in Table 3. Estimated net energy (ENE) values 
of 61.0 and 54.2 meal. per 100 lb. for pineapple bran for dairy cows and other 
animals, respectively, as reported by Morrison (12), are based on the premise 
that the same feedstuff has a higher NE value for milk production than for 
fattening. The NE of 53.5 meal. per 100 lb. of pineapple bran obtained in this 
study is the result of an additive effect of 30% pineapple bran to the basal 
ration which already contained 40% pineapple bran. 

There was a close agreement of 63.2 and 65.1 meal. per 100 1lb., respectively, 
between the actual and calculated NE values of the basal ration. The latter 
was based on Morrison’s (12) ENE values for various feed ingredients. By 
way of comparison, the NE of pineapple hay fed to beef steers (9) was 30.3 
meal. per 100 lb., as determined by the slaughter technique method. The corre- 
sponding TDN and DE values were 47.5 lb. per 100 lb. and 101 meal. per 100 Ib., 
respectively. The apparent variability of the NE values of 38.9 and 30.3 meal. 
per 100 lb., obtained for pineapple hay from the two classes of livestock, can 
be explained by the fact that NE values for body maintenance or milk produc- 
tion are usually somewhat higher than for fattening. It has been reported (3) 
that the same feeds may have decidedly different NE values for various pro- 
ductive purposes, plane of nutrition, and other factors. 

Data on milk production and composition are presented in Table 4. The 
butterfat test was low on all treatments but tended to be higher on the pine- 
apple hay ration. The crude fiber content of pineapple bran and pineapple hay, 
which constituted the greater proportion of the ration, was 20.0 and 23.4%, 
respectively. Consumption of fiber per se amounted to a low of 2.35 lb. to a 
high of 3.74 lb. per cow per day between treatments. Molasses was incorporated 
into the basal and basal plus additive rations at 15.0 and 10.5%, respectively. 
An earlier study (8) showed that the addition of 10% molasses to a simple 
ration had no significant effect on fat test. The pineapple hay—fed cows appeared 
to produce milk of better acceptability, as indicated by the slightly lower average 


TABLE 4 
Response of cows to added increment of pineapple bran and pineapple hay 





Basal plus 





Pineapple Pineapple 
bran hay 





Daily 4% FCM production (/b.) 23.1: 21.54" 23.56" 
Butterfat (%) 2.54° 2.67” 2.98" 
Rancidity ‘ 0.92" 0.83" 0.65* 
Flavor score * 35* 35* 35+* 


*,” Values in the same category with common subscripts are not significantly different 
by Dunecan’s multiple range test(2). 
* Milligrams KOH to neutralize free fatty acid in 1 g. of butterfat. 
“The treatment mean flavor scores fell within the following ranges and descriptions: 
Score Description 
36 Slight feed flavor 
35-34 Distinet feed flavor 
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rancidity score and the slightly higher average flavor score. However, these 
differences were not statistically significant. 
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EFFECT OF A COMPLEX MINERAL-VITAMIN SUPPLEMENT 
ON MILK PRODUCTION 


C. M. CHANCE anp J. K. LOOSLI 


Animal Husbandry Department 
Cornell University, Ithaca, New York 


SUMMARY 


Four experiments were conducted with high-producing Holstein cows to measure 
the influence of a complex mineral-vitamin supplement on milk production. In the 
different experiments, widely varying types and qualities of forages were fed. Different 
hay to grain ratios were tested and various ingredients were used in the grain mixtures. 

The mineral-vitamin mixture had no measurable influence on milk or fat production, 
body weight gain, general appearance, health, or on the efficiency of milk production. 





Dairy farmers frequently inquire concerning the value they might obtain 
from feeding complex mineral-vitamin mixtures currently available on the 
market. Animals are known to need some 14 mineral elements. These mineral 
elements are also required for plant growth. Consequently, the feed of animals 
is never entirely lacking in any of these minerals and they are usually present 
in adequate amounts in good-quality feeds. Research has shown that rations 
of milking cows must be supplemented with common salt. Calcium, phosphorus, 
and iodine are often deficient in ordinary feeds and in some areas cobalt and 
copper need to be added to the rations of cattle. 

Dairy cattle also require vitamins A, D, and E in their rations, but research 
has failed to demonstrate a dietary need for vitamin K or any of the B vitamins 
because of bacterial synthesis in the rumen. 

The National Research Council (3) has summarized the mineral and vitamin 
requirements of dairy cattle. Many commercially mixed dairy rations contain 
supplements of certain of the mineral elements which exceed the amounts listed 
by the N.R.C. report. Some of them also contain supplements of vitamins A and 
D, even though most of the animals consuming the mixed feeds obtain ample 
amounts from the ferages they consume. For commercial feeds distributed 
widely there is some justification for supplementation at a level which will meet 
the requirements of cattle fed the poorest quality forage, since the insurance 
cost is small. 

In vitro rumen fermentation studies and certain fattening trials with beef 
cattle fed corn cobs or cotton seed hulls seem to have influenced many people to 
believe that complex mineral and vitamin supplements are necessary for opti- 
mum rumen function, regardless of the quality of the forage fed. These com- 
plete supplements are expensive, adding several dollars to the cost of a ton of 
mixed dairy feed, thus representing a tremendous waste if, in fact, they are not 
needed in most instances, a view supported by the NRC report (3). 

Because of the lack of recent research on the question, except for the one 
comparison made by Moody et al. (2), a series of tests was conducted to study 
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the effects on milk production of adding to a supposedly adequate ration a 
complex mixture containing the essential mineral elements and vitamins. 


EXPERIMENTAL PROCEDURE 


The mineral-vitamin supplement studied is shown in Table 1. In four feeding 
experiments, half of the cows in each experiment were fed a total of 70 g. of the 
mineral-vitamin mixture daily in two feedings and the other half received no 
supplement. The 70 g. fed daily would be approximately the amount a cow 
would receive in 15 lb. of grain if the vitamin-mineral mixture was added to a 
dairy feed at the rate of 20 lb. per ton. The supplement feeding was started 
at 8 to 10 wk. after calving and as the cows reached their peak of production. 


TABLE 1 


Composition of the mineral-vitamin supplement 





Ingredient Pounds 
Soybean oil meal (50% protein) 800 
Mineral-vitamin premix * 500 
Dicaleium phosphate 440 
Cane molasses 100 
Ground limestone 80 
Corn gluten meal 60 
Wheat germ meal 20 

Total 2,000 








“The 500 lb. of mineral-vitamin premix contained 101.64 lb. of soybean oil meal (50% 
protein), 100 lb. of linseed oil meal, 100 lb. of irradiated 9-F yeast (9,000 I.U. vitamin D per 
gram), 60 lb. of dextrose, 60 lb. of manganese sulfate, 20 lb. of wheat germ oil, 20 lb. of 
lecithin, 12.33 lb. of choline chloride (25%), 10 lb. of iron oxide (black), 3.86 lb. of calcium 
gluconate, 2.2 lb. of asecorbie acid, 2.0 lb. of BY-21 (8,000 ug. riboflavin per grain), 1.6 lb. of 
vitamin A supplement (325,000 units vitamin A per gram), 1.5 lb. of potassium iodide, 1.5 
lb. of copper gluconate, 0.46 lb. of cobalt carbonate, 0.4 lb. of zine carbonate, 0.05 lb. of 
calcium pantothenate, and 0.01 lb. of thiamine hydrochloride. 


The experiments in which the vitamin-mineral mixture was tested also in- 
cluded other dietary comparisons. A brief outline of each test is given here, but 
full details of the related tests will be published elsewhere. 

Experiment I. Two different 16% protein grain mixtures were tested with 
half of the cows on each, selected as pairs, receiving the mineral-vitamin sup- 
plement. The same allotment plan was followed in the other experiments. 
Average quality timothy hay and corn silage were fed according to appetite and 
1.0 lb. of grain was allowed for each 3.5 Ib. of FCM. 

Experiment II, Twelve Holstein cows received a uniform type of alfalfa hay 
and a grain mixture at different grain to hay ratios. Hay furnished 60, 40, or 
20% of the net energy in the different rations and the concentrates supplied 
the balance. Details of the study have been published (1). 

Experiment III. Twenty-two Holstein and two Brown Swiss cows were used 
to compare the response to early- and late-cut forages. Each cow received the 
assigned forage to its maximum consumption for the duration of the experiment. 
In addition, one-half of the cows received grain at a 1:4 ratio and the other at 
a 1:8 ratio (4). Breed of cows was not considered in the allotment to treatment. 








“‘qSO[ JyYStIOM JO punod 
yoee IOJ NGL Jo ‘Ql F1°sZ pure ‘ures Jo punod youre 10J pastnbar a19M NGI, JO “ql eee Jey Surunsse ‘ures yysiom puv (spusmesmnbst YYN) 


QDUBUSJUIVU IOJ PSN NCJ, 24} OJ pozdei109 ST an[RA Jou ayy, “peumnsuo0d NG 1830} 9yy pue plats FWOW OY} WO paseq ST ON[VA ssoIs OTL, q 
‘LT 8qQVy, Ul poureyuod vinusI0J Juomalddns [e19UTUI-UTUTe}IA OTT, , 


OFS 00°F 9o°F cer ols 6's 06°E 80°F 7N 
10°S 83'S G03 £0°3 9L'T OL'T c6'T F0°S sso1 
aNGh 4/PPrh Wod 
860° 800°— 9¢° 6 Lg°— LT 6¢° €¢° (91) ured yystom A[rep “ay 
It 6°0-- o¢ 13 ol— 22 $l 19 (91) ures 343M ‘Ay 
68e'T Poet 683'T OFE'T 8Ia‘T 9ce‘T 6SL'T eslT (91) yq810eM Apog ‘ay 
S83 Lis 9°6T #03 BSG £°83 BSG €'13 (a1) eyeyur NGL 4Trep ‘Ay 
Le9°% Te¥s 8EL‘s 298° LOLS OFS F6L‘S 689° (ay) exByut NCL ‘AV 
v LF o'8F TOF 9 TP 0°68 9'6E 8 okt (a1) PRP. WOW Trepp “ay 
It¢‘¢ 668°S F19°¢ 0z8‘¢ 616 066'F TSF‘S 6LFS (91) Pets WOT “AV 
9T 9T 02 02 ST ST RT RI (‘ym) jerry Jo YSuory 
8 8 Il It 9 9 g 8 SMOD JO ‘ON 
, suomeddng JO1}U0g ,Juomelddng jorqyu0y =, Juomayddng [O1qU0g ,Jueue;ddng [Or1yWOD uray] 
AI iI II I 


JUSUI}RIIY pur “ON JuouTTIOd x 


SMOd omy jo sosuodsoy 


6 WIAVAL 








EFFECT OF MINERAL-VITAMIN COMPLEX ON PRODUCTION 501 


Experiment IV. Sixteen Holstein cows were used to determine whether ear- 
corn silage could replace part of the 16% protein grain mixture. All cows re- 
ceived the same hay (legume, grass mixed) to their maximum consumption. 
Soybean oil meal was added to ear-corn silage to bring the protein intake com- 
parable to the cows fed the regular 16% protein grain mixture. The grain was 
fed at a 1:3.5 ratio of FCM. 

The milk produced was weighed at each milking and fat tests made on com- 
posite samples of four milkings each week. All of the feed allowed and refused 
was weighed and composite samples of the feeds were analyzed. The cows were 
weighed on three successive days at the beginning and end of each test period 
to measure weight changes. 

RESULTS 

The results of the study are presented in Table 2. None of the small differ- 
ences seen in production, feed intakes, or weight changes was statistically sig- 
nificant. There were no differences in the health or general appearance of the 
cows as related to the supplement. 

In Experiment III one of the cows was lost from the study after 16 wk., 
from a cause not related to the dietary treatments and its pair-mate was also 
excluded from the final calculations. Therefore, the data in Table 2 show only 
11 pairs of cows instead of the 12 started. A consideration of the data for all 
of the cows for the first 16 wk. of the test revealed no difference in production 
trends, whether or not the extra pair of cows was included. It seemed more 
desirable to use the 20-wk. data for 11 pairs of cows rather than 12 pairs for 
16 wk. It was also noted that the two Brown Swiss cows declined in production 
at almost exactly the same rate as Holstein cows on the same treatment as 
anticipated, and that ignoring breeds in the allotment, because of insufficient 


TABLE 3 
Digestion coefficients of the rations fed in Experiment II 





Digestion coefficients 














Grain in Dry 
ration Cow No. matter Protein Fat NFE Fiber TDN Energy 
(%) (%) 
Controls 

60 194 65.7 74.9 59.6 76.0 50.4 64.5 65.5 

164 63.8 75.0 52.6 74.4 47.0 61.8 64.3 

40 266 67.4 73.9 73.8 78.6 46.5 67.5 67.3 

174 66.8 75.4 71.0 77.8 46.2 66.8 67.7 

20 251 71.7 76.1 78.2 80.8 48.4 72.9 72.3 

180 72.5 75.0 80.8 80.2 45.7 74.2 72.2 

Mean 68.0 75.0 69.3 78.0 47.4 68.0 68.2 

Supplement 

60 314 62.6 74.9 54.2 73.7 44.1 60.8 62.8 

254 67.8 75.8 67.2 77.8 44.8 67.2 67.8 

40 318 69.0 76.2 70.6 rh 52.2 69.3 68.8 

279 69.6 76.3 74.3 77.8 46.8 70.1 69.2 

20 303 72.0 W168 76.0 79.5 49.7 73.0 72.4 

321 71.5 74.5 78.8 79.4 50.7 72.9 71.7 

Mean 68.8 75.9 70.2 77.6 48.1 68.9 68.8 
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numbers of cows to select from, apparently did not bias the results. Fortu- 
nately, the other experiments did not encounter problems of this type. 
Simultaneously with the feeding trial, a digestion trial was conducted with the 
cows in Experiment II. The digestion coefficients are presented in Table 3. 
The differences in the mean digestion coefficients were very slightly in favor 
of the supplement in all cases except for NFE, but not significantly so. 


TABLE 4 
Average FCM, TDN intake, gain and efficiency of production 


Control Supplement Difference 


Av. daily FCM (lb.) 3.2 42.4 0.8 
Av. daily TDN intake (lb.) 21.7 21.9 0.2 

Av. daily gain (lb.) 22 0.12 0.10 
FCM per |b. gross TDN (lb.) 2.00 1.94 0.06 


Table 4 presents the average data for all four experiments. It is entirely 
clear that the mineral-vitamin supplement exhibited no measurable favorable 
influence on the milk or fat production of the cows, or on the efficiency of milk 
production. Changes in body weight, general appearance, and health were no 


different on the supplement than on the control ration. Likewise, the mineral- 
vitamin supplement did not increase appetite for hay or silage and it had no 
influence on the digestibility of the rations tested. Since the rations fed differed 
widely in forage type and quality, in ratio of roughage to concentrates, in type 
of silage, and in the ingredients used in the different grain mixtures, the authors 
believe the negative results probably can be applied to many of the different 


conditions which occur on dairy farms. 
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SUMMARY 


A field containing approximately equal proportions of alfalfa, clover, and timothy, 
and a second field containing orchard grass, were cut for hay on three dates: May 25, 
June 9, and June 24, 1959. The hays were evaluated by digestion trials with sheep, and 
all except the latest-cut orchard grass by a lactation trial with Holstein cows. A 15-day 
delay in cutting date caused a significant reduction in milk production, less body weight 
gain, lower hay intake, and lower digestibility. When cut on the same date, feeding of 
the mixed hay resulted in more milk production, greater body weight gains, more intake, 
and higher digestibility than the orchard grass. When compared at similar stages of 
maturity, there was no significant difference in milk production or digestibility. How- 
ever, even at similar stages of maturity, there was a species difference in intake. About 
65% of the variations in calorie intake associated with stage of maturity could be 
attributed to differences in dry matter intake. 





In recent years, increased emphasis has been placed on high-quality forages, 
and the effect of stage of maturity or date of harvest on quality. Reid et al. (10) 
have found that the percentage of digestible dry matter (DDM) of first-cut 
forages in New York could be accurately predicted by the equation Y = 85.0 — 
0.48X, where Y = percentage DDM and X = days after April 30. Their studies 
indicated that species of plant had relatively little or no effect on the energy 
value of the forage. They also noted a linear decline in maximum intake from 
2.5-3.0 lb. of hay-equivalent per 100 lb. of body weight for forage harvested in 
early June to 1.1-1.7 lb. for forage harvested in mid-July when dairy cows were 
used as test animals and concentrates were fed at the rate of 1 lb. for each 3 or 
4 lb. of milk produced. A number of recently reported experiments with 
lactating cows have demonstrated the superior quality of early-cut forages for 
dairy cows (5,10,11,15). However, no milk production data were found which 
compared relatively pure stands of one species of first-cutting forage with a 
second species when both were cut on the same date or at comparable stages of 
maturity. It is conceivable that differences in over-all feeding value between 
species cut on the same date may exist as a result of variations in intake by 
cows, and for a significant spread in digestibility to exist between the species 
due to dissimilarities in stage of maturity. 

The objectives of this study were to determine the extent of the effect of 
stage of maturity at first harvest on the quality of a mixture of alfalfa-timothy- 
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clover, and on that of a relatively pure stand of orchard grass (Dactalylis glo- 
merata). It also was desired to determine whether differences existed between 
the mixed forage and the orchard grass, since orchard grass is more mature than 
alfalfa, timothy, or clover when they are cut on the same date. In this study, 
quality was defined in terms of chemical analyses, digestibility by sheep, and 
rate of intake and lactation response by cows fed the forages. 


EXPERIMENTAL PROCEDURE 


One field containing approximately equal proportions of alfalfa, timothy, 
and clover, and a second field containing orchard grass, were divided into strips 
and cut for hay on three dates: May 25, June 9, and June 24, 1959. Alfalfa, 
timothy, and clover were all at a similar stage of maturity, while orchard grass 
was distinctly more mature on a given date, Table 1. The clover in the field of 


TABLE 1 
Stage of maturity of forages at dates of harvest 


Stage of maturity 





Hay Date cut Orehard 
No. (1959) Alfalfa Clover Timothy grass 
1 May 25 Early bud Bud i”: rs 
2 June 9 1/10 Bloom Full bloom UREN atcctcnenae 
boot stage 
3 June 24 3/4 Bloom Past full err 
bloom 
+ me. techie, = tists «=O tC(iéa Flowering 
5 eG) -~ awe |. eae = elke Headed and 
at mature 
pollen 
6 Bene +)” Mai ~~ Tae ‘canine Seed at 
milk stage 


mixed forage was predominantly red clover, but contained a noticeable amount 
of Ladino and alsike clovers. Manure had been applied to both fields during 
the previous winter. The field of mixed forage had been fertilized at a recom- 
mended level, but no commercial fertilizer had been applied to the orchard grass 
that season. All hays were partially field-eured and finished with heat. None 
was damaged by rain. 

Hays 1—5 were used in a 54-day feeding trial with lactating cows to deter- 
mine relative feeding values. Because of acreage limitations, there was not a 
sufficient amount of Hay 6 harvested to feed during the lactation trial. Fifteen 
Holstein cows were divided into five groups of three each on the basis of pro- 
duction, age, and body weight. One first-lactation heifer and two older cows 
were included in each group. All animals were in at least the 6th wk. of their 
current lactation at the beginning of the trial, and in not more than the 5th mo. 
of gestation at the end of the trial. The cow groups were designated A, B, C, 











QUALITY OF FORAGES 505 


D, and E. Each group of cows was fed one type of hay for 27 days, and then 
switched to a second type of hay for another 27 days in a randomized block 
design of the type shown in Table 2. 

The cows were established on a standardized diet of hay and grain prior to 
the beginning of the trial, as suggested by Lucas (7). This standardization 
period consisted of 12 days in which the cows were fed alfalfa of apparently 
excellent quality ad libitum. During the final nine days of the standardization 








TABLE 2 
Experimental design of lactation trial 
Cow group % 
Period A m B ici. C im D ee! E 
I (Oct.15-Nov.10) = Hayl Hay 2 Hay 3 Hay 4 Hay 5 
II (Nov. 10—Dee. 7) Hay 3 Hay 5 Hay 4 Hay 2 Hay 1 


period the cows were fed the concentrate mixture which was to be used during 
the trial, and each cow was rationed concentrate on the basis of Morrison’s 
Table VIII A (9) for good roughage fed at the rate of 2 lb. per hundredweight. 
The amount of concentrate each cow received during the experimental periods 
was determined as follows: At the beginning of the trial its 4% FCM production 
during the prior period of October 7-13 was applied to Morrison’s Table VIII A 
(9) for cows on very liberal feeding of good roughage, in order to arrive at a 
recommended allowance. The recommended allowances then were reduced by 
20% for each cow, and the resultant amounts were fed at the beginning of the 
trial. Concentrate allowances subsequently were reduced 10% of the quantity 
being fed at the date of reduction for each cow at 2-wk. intervals under an 
equalized feeding plan (6). A 20% crude protein concentrate mixture was 
fed to all cows to prevent any possible protein deficiencies on the grass hays. 

Each cow was fed the experimental hay as the only source of roughage, and 
to the point of maximum consumption. The amount offered was adjusted accord- 
ing to appetite, so that there was 1-3 lb. refusal daily. The daily ration of hay 
for each cow was weighed into canvas bags and fed in two portions. The refusals 
were weighed once daily and composited in barrels for sampling. Five bales 
which were soon to be fed were sampled weekly from each type of hay with a 
Penn State Forage Sampler. The same device was used to obtain samples 
from the hay refusals as often as the barrels containing the refusals became 
filled. All samples were composited and stored until the trial was completed. 
Proximate analysis according to A.O.A.C. procedures (1) was conducted on the 
composited samples of the hays and the composited samples of the refusals. 

The cows were milked twice daily and the milk weights recorded. Once each 
week milk samples were composited from two consecutive milkings and tested 
for butterfat by the Gerber method (8). A period of six days at the beginning 
of each period was allowed for adjustment to the rations. The comparisons 
for milk production and hay consumption were based on the last 21 days of the 
experimental period. 
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the start of the trial, the 
last two days of the trial. 
after the cows had been 


The cows were weighed on the two days preceding 
last day of Period I, the first day of Period II, and the 
Weights were taken at the same time in the morning 
milked. 

The per cent digestible energy, digestible dry matter, and digestible protein of 
all six forages were determined by feeding them to six groups of two sheep each. 
The forages were fed at the rate of 800 g. per sheep daily, with a seven-day pre- 
liminary period and a ten-day collection period. Quantitative collections of 
feces were made by using metabolism crates of a type previously described (3). 
Energy determinations were made on the dried, ground feces and on the forages 
by using an oxygen bomb calorimeter. 


RESULTS AND DISCUSSION 

One animal in Group E was removed from the lactation trial at the end of 
Period I due to severe digestive upsets. Data concerning it were omitted from all 
caleulations and analyses. 

The separate effects of periods, cow groups, and hays on milk production 
during the 21-day comparison period were determined by fitting of constants 
(12). The adjusted average daily production of 4% FCM was 38.8 lb. in 
Period I and 31.6 lb. in Period II. As expected, some difference did exist in 
production levels among cow groups. The adjusted daily production of 4% 
FCM per cow by Groups A through E averaged 33.4, 33.0, 37.7, 
37.2 lb., respectively. 


35.2, and 


When the effects of cow groups and experimental periods were removed, 
daily FCM production per cow was 40.4, 37.1, 32.8, 34.3, and 31.4 lb. for 
Hays 1 through 5, respectively, Table 3. Since all the intervals between cutting 
dates were 15 days, the effect of a 15-day delay in cutting date was found by 
comparing average production by the cows fed Hays 1 and 2, Hays 2 and 3, 
and Hays 4 and 5. The lowered production of 3.5 lb. daily per cow, due to a 


TABLE 3 


Effect of type of hay on animal response by lactating cows 








Av. daily 
Av. daily hay intake Av. daily 
Av. daily changes per 100 lb. intake of 
FCM per in body of body concentrates 
Hay fed * cow ” weight weight ‘ per cow 
——-_—— lh, - ——-—- = —-----—_ -— 
1 40.4 +1.4 2.92 + 0.244 9.3 
2 37.1 +0.9 2.63 + 0.34 9.5 
3 32.8 +0.6 2.24 + 0.23 8.9 
4 34.3 0.0 2.29 + 0.31 9.0 
5 31.4 0.5 1.69 + 0.34 9.5 
“Hay 1—alfalfa-timothy-clover harvested 5-25; Hay 2—alfalfa-timothy-clover harvested 
6-9; Hay 3—alfalfa-timothy-clover harvested 6-24; Hay 4—orchard grass harvestel 5-25; 


Hay 5—orehard grass harvested 6-9. 


» Adjusted for differences in production levels among 


* Intake on 90% DM basis. 


“Standard deviation. 


groups. 
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15-day delay in cutting date, was significant (P?<0.01). Hays 1 and 2 cut on the 
same respective dates as Hays 4 and 5 allowed a comparison of the mixed hay 
and the orchard grass cut on the same date. The difference of 5.9 lb. daily per 
cow in favor of the mixed hay was significant (P<0.01). Since the orchard grass 
on a given date was at a stage of maturity similar to that of the mixed forage 
harvested 15 days later, Table 1, a comparison could also be made of the pro- 
duction by cows fed the two types of forage harvested at similar stages of 
maturity by comparing the production of cows fed Hays 2 and 3 with those fed 
Hays 4 and 5. The difference of 2.1 lb. daily per cow in favor of the mixed hay 
as compared to the orchard grass cut at similar stages of maturity was not 
significant (P>0.05). It should be pointed out that a longer feeding period or 
higher production levels could be expected to increase the magnitude of the 
differences in milk production due to effects of hay quality. Lower genetic pro- 
duction potential of the animals, a larger percentage of concentrates in the 
ration, and/or the addition of other roughage in the ration would be expected 
to lessen the effects. 

The average changes in body weight were +1.4, +0.9, +0.6, 0.0, and —0.5 Ib. 
per cow daily for Hays 1 through 5, respectively, Table 3. It is recognized that 
these values are subject to considerable error, since the weights used in their 
calculation are averages of only two consecutive days’ weights pre-trial, mid- 
trial, and post-trial. No statistical comparison of the body weight changes was 
made for this reason. However, it is felt that the trends are of some importance, 
since the changes are in good agreement with the milk production responses and 
the results of other similar type trials (5,10). 

The effect of type of forage on hay intake, Table 3, presents a trend similar 
to those of milk production and body weight changes. There was a definite 
lowering of intake with advancing maturity, and intake was more closely related 
to stage of maturity than to date of cutting in the forages tested. When ex- 
pressed in terms of hay intake for a 1,300-lb. cow, a delay of 15 days in cutting 
resulted in a reduction of 5.6 lb. of hay daily, which was significant (P<0.01). 
The effect of species on intake was even more pronounced, with a 10.5 lb. differ- 
ence in favor of the mixed hay fed to a 1,300-lb. cow when both forages were cut 
on the same date. When considered at similar stages of maturity, there was still 
a 5.7-lb. difference in daily intake per cow in favor of the mixed hay. These 
data indicate that a study of the effect of stage of maturity on dry matter intake, 
with special reference to species differences, would be in order. 

Although the daily concentrate consumption varied from 4 to 20 lb. for 
individual cows, the average daily intake per cow was similar for all groups 
(Table 3). It is believed that the possibility of protein deficiencies influencing 
the results of this trial was eliminated by the use of a 20% erude protein con- 
centrate. All cows received at least 110% of Morrison’s (9) higher protein 
recommendations for maintenance and production at all times during the trial. 

Results of digestibility trials using sheep fed the six hays are presented in 
Table 4. One sheep fed Hay 5 at times refused to. eat, and the other one suffered 
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TABLE 4 
Nutritive value of the hays determined by feeding to sheep (dry matter basis) 
Digestible Digestible Digestible 
Hay fed “* protein dry matter energy 
—/ Ne ) 

1 14.0 71.1 69.2 

2 9.7 65.6 62.6 

3 7.9 60.6 58.3 

4 8.2 65.8 63.8 

5 5.2° 50.4” 47.6” 

6 4.8 55.8 53.4 





“Hay 1—alfalfa-timothy-clover harvested 5-25; Hay 2—alfalfa-timothy-clover harvested 
6-9; Hay 3—alfalfa-timothy-clover harvested 6-24; Hay 4—orechard grass harvested 5-25; 
Hay 5—orchard grass harvested 6-9; Hay 6—-orchard grass harvested 6-24. 

» One animal refused to eat Hay 5 and the other animal suffered a digestive upset during 
the course of the trial. 


from digestive upsets. Application of the formulae used by the Pennsylvania 
Forage Testing Service (2) for estimation of per cent metabolizable energy from 
per cent crude protein and per cent crude fiber of the forage, and Swift’s (14) 
equation for the relationship between metabolizable and digestible energy, gave 
an estimated value of 55.7% digestible energy for Hay 5. The reduction in 
digestible protein of the more mature forages agrees with other reports (5,10). 
A delay of 15 days in the cutting date resulted in an average decrease in diges- 
tible energy of 6.3 percentage units. Using the estimated value for Hay 5, 
orchard grass averaged 5.7 percentage units lower in digestible energy than the 
mixed hay cut on the same date. When orchard grass was compared with mixed 
hay cut at a similar stage of maturity, the difference in per cent digestible energy 
of 0.7 percentage unit was negligible. The per cent digestible dry matter fol- 
lowed a trend very similar to that of the per cent digestible energy. These results 
are in contrast to the findings of Reid et al. (10), that species has little or no 
effect on the energy value of a forage cut on a given date. The fact that there 
was a difference in intake by lactating cows (Table 3), even when the forages 
were compared at similar stages of maturity and when the energy value was not 
different, illustrates that a difference in over-all feeding value may exist between 
forages in spite of energy being similar. 

If the digestibility data for sheep can be applied to dairy cows, as the data 
of Swift and Bratzler (14) indicate, then the total differences in calorie intake 
among the forages may be partitioned into the differences in dry matter intake 
and differences in per cent digestible energy. It was calculated that about 65% 
of the reduction in caloric intake of the forages associated with advancing stage 
of maturity was due to reductions in dry matter intake, while only about 35% 
was due to changes in per cent digestible energy. These data are only slightly 
different from the findings of Crampton et al. (4) who, working with sheep, 
reported that relative intake appeared to determine about 70% of their Nutri- 
tive Index, while digestibility determined about 30%. The effect of stage of 
maturity of pure stands of various types of forage on maximum intake might 
give a different relationship than that which is reported in this study. 
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TABLE 5 
Proximate analysis of hays fed and of the refusals in the lactation trial (dry matter basis) 
Crude Ether Crude 
Hay No." Ash protein extract fiber N.F.E. 
Hay fed %o) 
7.6 18.5 2.3 25.1 46.5 
2 5.5 13.3 2.2 30.2 48.8 
3 5.2 12.2 1.9 32.8 47.9 
4 7.9 12.4 2.8 31.4 45.5 
5 5.6 9.6 2.4 35.2 47.2 
Hay refused 
1 10.9 19.0 2.4 20.9 46.8 
2 7.5 13.1 2.2 30.2 47.0 
3 5.4 10.1 1.6 37.0 45.9 
+t 14.2 12.1 2.4 27.4 43.9 
5 5.5 6.9 i Be 38.2 47.7 





*Hay 1—alfalfa-timothy-clover harvested 5-25; Hay 2—alfalfa-timothy-clover harvested 
6-9; Hay 3—alfalfa-timothy-clover harvested 6-24; Hay 4—orchard grass harvested 5-25; 
Hay 5—orchard grass harvested 6-9. 


The results of proximate analysis of the hays fed and of the refusals in the 
lactation trial showed an interesting trend in selectivity of the forages, Table 5. 
In all cases the per cent crude fiber increased at a more rapid rate in the 
refusals than in the hay fed as cutting date progressed. The reverse trend was 
noted with respect to per cent crude protein. This indicates that the cows were 
more selective in choosing those parts of the plant high in protein and low in 
crude fiber in the more mature forages than in the early-cut forage. 
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INFLUENCE OF WEATHER ON SUGAR CONTENT 
OF FORAGE CROPS! 


J. G. ARCHIBALD 
Dairy and Animal Science Department 


Massachusetts Agricultural Experiment Station, Amherst 


SUMMARY 


Data from 72 lots of forage were submitted to statistical analysis to ascertain the 
relationships between their total sugar content and certain weather phenomena previous 
to harvest. Caleulated values of r showed a significant inverse relationship between 
sugar content and average air temperature, slightly significant correlation between sugar 
content and rainfall, (P = .05), and little or no correlation with exposure to bright 
sunshine. The results are diseussed in the light of the findings of other workers, and 
their possible practical significance is indicated. 





Some earlier published work of the author (1) indicated a rather interesting 
inverse relationship between average air temperature just previous to harvest 
and amounts of total sugar in forages at or soon after harvest. Study of this 
relationship, expanded to include rainfall during the growing period and hours 
of bright sunshine just previous to harvest, forms the basis of this paper. 


EXPERIMENTAL PROCEDURE 

Seventy-two lots of forage including 20 hays, 37 early-cut green forages, 
and 15 green forages somewhat more mature have been included in the statistical 
analysis. The lots varied widely in botanical and chemical composition; a few 
were pure or nearly pure stands of alfalfa, red clover, or timothy; the great 
majority were mixed grasses and legumes, or mixed grasses. Sampling of all 
lots was done in the field soon after cutting, in the case of the green forages, and 
just before baling for the hay lots. All lots of hay included had been subjected 
to little or no rain after cutting. 

Samples were taken to the laboratory immediately, where water determina- 
tion was made by the Sterling-Bidwell method (2) of toluene distillation. The 
bulk of the sample was then dried rapidly in a large oven in a current of air 
thermostatically controlled at 80° C. Following drying, the samples were con- 
ditioned at room temperature for a week or more, ground in a Wiley mill to 
pass a 14-mm. sieve, and bottled for analysis. Sugar was determined by the 
Lane-Eynon method (3), results being expressed as amount of invert sugar in 
the dry matter. 

Average content of total sugar was 6%, with a range from 1.4 to 13%. 
Forty-five of the samples were in the range between 4 and 7%, 60 of them be- 
tween 4 and 10%. The meteorological records used for the study were those of 
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the local weather station. Seasons included were 1951-1957. Average daily 
temperature was 65° F., ranging from 82.5° F. in August, 1957, to 49° F. in 
October of the same year (1957). Average length of the growing period was 43 
days, ‘with a range of from 16 to 73. Growing period was reckoned from April 30 
for first cuttings, from the date of the previous cutting for those subsequent. 
Average amount of bright sunshine was 9.1 hr., ranging from 3.3 (June, 1951) to 
11.7 hr. (August, 1956). 
DISCUSSION OF RESULTS 

The summary in Table 1 indicates that the only highly significant correlation 
was an inverse relationship between average air temperature and total sugar 
content of the forage (see Figure 1). Worthy of comment are: 

1. The remarkably good agreement between all of the r values for total 
sugars cf average air temperature. 

2. The slight cumulative effect of below-average temperatures on sugar con- 
tent as revealed by increasing value of r in Column 3 of the table. 


TABLE 1 


Summary of correlation coefficients showing the relationship of certain weather phenomena 
to the amount of total sugars in forages as harvested 




















All Green forages Early-eut 
lots only green forages 
Total sugars Cf: d/f r d/f r d/f r 
Average air temperature 
During the 24 hr. previous to harvest 70 —29"* 50 — ar 
During the 48 hr. previous to harvest — a, lle 
During the week previous to harvest “—_ =a 35 “i 
Rainfall during growing period 70 —i. 50 25 35 —.30 
Hours of bright sunshine 70 
On the day previous .0003 
On the two days previous .068 
During the week previous 15 








*P<.05; ** P< .01. 


3. Contrary to the original supposition, inclusion of results from 20 lots of 
hay and 15 lots of rather mature green forages did not significantly alter the 
values of r; what slight trend there was when these were included was to 
increase the r values. This situation was one factor in the decision to include 
these relatively mature crops along with the immature green forages. Average 
sugar content expressed as invert sugar in descending order was: immature 
green forages, 6.9% ; all green forages, 6.5% ; all lots, 6.0% ; hays, 5.2% ; late-cut 


green forages, 4.8%. Maturity appears as a definite influence here, but stage 


of maturity is a difficult thing to determine precisely. It was, therefore, decided 
that the greater statistical significance secured from the much larger number 
of samples warranted the inclusion of the data from the relatively mature lots 
of forage. 

4. Rainfall during the growing season showed a consistent but not very sig- 
nificant inverse relationship to sugar content, regardless of whether the base 
for caleulating r was 72, 52, or 37 lots. 
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Fig. 1. 


5. In general, sugar content of forages was not correlated with exposure to 
bright sunlight; however, when the basis of correlation was average hours of 
bright sunlight for a whole week previous to harvest, there was a slight but not 
significant relationship (7 = .15). 

These observations confirm our earlier work (1) and are in agreement with 
the work of Spoehr (8), who showed that high temperatures tend to decrease 
the monosaccharides of plants, while low temperatures tend to increase them. 
The general conclusion drawn from the reports of several other investigators 
is that strong light and high temperatures decelerate and under certain condi- 
tions inhibit photosynthesis. Wolff and Emmerie (11) state that with weak 
illumination a rise in temperature from 13 to 23° C. causes a decrease of about 
60% in rate of CO» assimilation. Stolfelt (9) showed in studies with oats under 
field conditions that above certain limits light intensities and temperatures re- 
duced photosynthesis. He gave the optimum temperature as 21° C., and stated 
(10) that assimilation rates of CO. show accommodation to low temperatures. 
A trio of Russian workers (12) noted that night temperature of 15° C. gave 
the best crop yield of tomatoes, 56% higher than when the plants were exposed 
to a constant temperature of 23°. Nekrasova (5) found more chlorophyll in 
young citrus leaves ‘‘. . . under conditions of weak light intensity and a short- 
day period than under conditions of strong light and longer-day period . . . 
More sugars are found in leaves exposed only for short-day periods in compari- 
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son with those exposed for long-day periods with either bright or diffused 
light.’’ Kok (4) observed that ‘‘. . . the photosynthetic apparatus was de- 
stroyed by strong light.’’ Noggle (6) states that ‘‘. . . as light intensity increases 
the curve flattens out and an increase in light intensity does not bring about 
a corresponding increase in the rate of photosynthesis—a situation known as 
light saturation.’’ In view of all this, it is readily understood why exposure to 
bright sunlight showed little or no correlation with the sugar content of the 
forages. 

The possible practical significance of these findings is pointed up by an 
as-yet-unpublished observation of the author, viz: 

Relatively high sugar content of green forages is of some benefit in the 
making of good-quality grass silage. This work indicates that sugars tend to 
accumulate in forage crops during spells of relatively cool, dry weather. Farmers 
in a position to take advantage of such weather conditions may be able to pro- 
duce better-quality silage than would be the case if the weather at ensiling time 
were relatively warm and humid. Such a situation may also account for the 
anomaly that good silage is sometimes produced without special precautions, 
whereas at other times, with the same kind of crop, and even on the same farm, 
failure results. 
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RELATIONSHIPS BETWEEN AGE, BODY WEIGHT, AND 
YIELD OF DAIRY COWS! 


R. E. ERB anp U. 8S. ASHWORTH 
Department of Dairy Science, Washington State University, Pullman 


SUMMARY 


Comparisons were made of the relative effects of age and weight on yield. Yield 
components studied were milk, milk fat, total solids, fat-corrected milk (FCM), solids- 
not-fat, protein, and lactose. There were 216, 305-day lactation periods of Holstein, 
Jersey, and Guernsey cows maintained as one experiment station herd. On an intra- 
breed basis FCM yield increased 570 1b/100 lb. in weight (significant), but when the 
effects of age were removed the increase was 236 lb. (not significant). Similarly, milk 
fat changes were 22 lb. (significant) and 9 lb. (not significant). On an intra-breed 
basis the relationship between yield and age was more than two times as important as 
weight as determined by the standard partial regression coefficients. Breeds for the 
various comparisons were strikingly different. Effects of weight on yield are interpreted 
too highly if differences due to breed and age are not removed. 





Efficiency of milk energy yield by dairy cows is intimately associated with 
their metabolic capacity for converting feed energy into milk energy (14). 
Brody (5) called this dairy merit and defined it as the biological efficiency of 
milk production as measured by the percentage of consumed TDN energy which 
is converted into milk-energy (FCM). This definition of dairy merit (gross 
efficiency, lactation drive, ete.) is generally accepted and appears to have been 
first proposed by Gaines (14, 15). While the definition is straightforward and 
simple, practical application is essentially impossible. Production level is the 
essential component and this is related to size and heredity of the animals as 
well as to feeding practices and other environmental conditions. 

When diverse populations of cows are used, it is clear that size and yield 
are positively correlated (9, 12, 16, 17, 19, 20, 23-25, 37, 38, 45, 46), particularly 
when age and breed are ignored (10, 16, 19, 26). Though larger animals produce 
more total milk energy than smaller animals, the yield per unit of weight favors 
the smaller animals. This is particularly evident when small species are com- 
pared with large species of animals (2, 4, 8). Brody (2-9), from his own 
voluminous work on bioenergetics and the work of others (14, 15, 18, 31-33), 
has generalized that larger animals move more slowly and move less than smaller 
animals and that this relationship can be described in terms of mass to surface 
area or in terms of resting maintenance requirements. 

The 0.73 power of body weight (W°**) has been tentatively adopted as a 
reference base for energy metabolism (30) and Brody (5) suggested that W°? 
describes the relationship between body weight and milk energy yield. This 
means that a 1,600-lb. cow, other things being equal, is expected to produce 1.70 
times as much milk energy as an 800-lb. cow, rather than twice as much. 
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From studies with rats, goats, and cows, Brody (4, 5, 8) reached two im. 
portant conclusions: (a) If other conditions are equal, dairy merit is inde- 
pendent of body size and (b) milk-energy production, as maintenance cost. 
varies not with simple body weight, W'-°, but with W°®*, and that lactationally 
effective size is represented not by W*° but by W®*. Kleiber (31, 32) was in 
general agreement. Later, Kleiber and Mead (33, 34) proposed that live weight 
be converted to metabolic size or 1,000 + (W — 1,000)°* and that dairy cows be 
evaluated on the basis of pounds of FCM per 1,000 lb. of metabolic size. 
Gaines (22) vigorously opposed the view that the relationship between live 
weight and milk-energy yield differed from W?-’. 

Though it has often been reported that the gross energetic efficiency of milk 
production is independent of body weight (2-5, 7, 21, 23, 25, 28, 29, 31-34), the 
eriteria on which these interpretations were based were not the same. It is in this 
area that controversy existed (22, 34). 

A practical question is whether, on an average, enough more yield is realized 
per unit merease in weight, other things being equal, to be more profitable to 
dairymen. Interest in this question was expressed over 60 yr. ago (47). Early 
investigators concluded that heavy cows produced more total milk, but that 
light cows produced more per 1,000 lb. of body weight (47, 48). Quantitative 
inereases in milk fat production per 100-lb. increase in body weight has been 
estimated to be between 14-22 lb. (9, 36, 38, 438-46), where some statistical 
control of variable age was used. Similarly, FCM has been observed to increase 
between 200-250 Ib. (12, 13, 16, 37). 

The foregoing brief review of literature shows relatively good agreement 
among the several studies as they apply to greater efficiency in dairying. Ad- 
mittedly, the data may best be reinterpreted giving more emphasis to breed 
differences and less emphasis to broad generalizations. With this purpose in 
mind, summaries on Washington State University dairy cows were made on the 
relationships between yield, body weight, and age. 


EXPERIMENTAL PROCEDURE 


From 1955 through 1959, the composition of the milk was determined at 
regular monthly intervals during 216 normal 305-day lactations of 154 cows 
(64 Holsteins, 44 Jerseys, and 46 Guernseys) in the University herd. Sixty-two 
cows had two consecutive records in the study. The cows averaged 44 mo. of 
age at calving and only seven were over 8 yr. old at the start of lactation. Only 
the Guernsey herd was handled in loose housing and had access to pasture for 
4 to 6 wk. in late May and June each year. While on pasture, the Guernseys 
were fed alfalfa hay ad lib. Guernseys at other times, and Jerseys and Holsteins, 
were fed above-average-quality alfalfa hay and alfalfa-grass silage under dry-lot 
conditions. A 14% crude protein grain mix was fed according to the production 
of the cow and quality of roughage available. Grain-to-FCM ratios were gen- 
erally wider than 1: 4, since roughage quality was nearly always above ave cage. 
The cows were milked twice daily. Body weights were taken between the znd 
and 6th mo. of lactation. 
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Daily milk weights were used, along with a 24-hr. composite, to determine 
the yields during the first 305 days following calving. The following assay 
methods were used: (a) Babeock for milk fat; (b) macro-Kjeldahl [(1), p. 12] 
tor total protein, (c) Perry and Doan (40) for lactose; and (d) gravimetric 
for total solids, using a 5-ml. sample and 5 hr. of drying at 100° C. 

Multiple regression and covariance techniques [(41), Chap. 14] were used 
for statistical evaluation. The variables were age at calving in months, weights 
of the cows, and the various components of yield in pounds. In addition to 
pounds of milk, the pounds of milk fat, protein, lactose, and total solids, 
solias-not-fat (SNF), and 4% fat-corrected milk (FCM) also were calculated. 
Weight was expressed in actual pounds and as metabolic size (33), except that 
the 0.7 power of weight (W°®-") was used instead of W°-* as suggested by Kleiber 
and Mead (33). A 1,000-lb. cow was used as standard. Conversions to metabolic 
size were then 1,000 + (W —1,000)°7, where W is the body weight of the cow. 
he W°? was used because earlier study of 200 of our experiment station cows 
gave an average relationship of W®-® (12), with 95% confidence limits between 
W°®? and W®-*! (28). Though the breeds ranged from W°®-*? for Jerseys to 
W!-14 for one Holstein herd, the slopes of the regressions were not significantly 
different (P < 0.05). The intra breed-herd regression was W°*®, with 95% 
confidence limits between W®*? and W?-° (28). 


RESULTS AND DISCUSSION 

Metabolic size as defined above was carried through the analysis, along with 
actual weight. However, this alteration of weight description had no effect on 
the correjations as compared with actual weight. Though the magnitudes of the 
regressions in terms of metabolic size independent of age were increased for the 
Holsteins (12), the fractions due to regression and the relative importance of 
age and weight were unchanged. Therefore, in the following results, with the 
exception of Table 1, comparisons involving only actual weight are presented. 

Lactation yields. Table 1 shows that the Holsteins on a per cow basis pro- 
duced more milk, milk fat, FCM, SNF, protein, and lactose than Jerseys or 
Guernseys (P < 0.005). However, the Guernseys and Jerseys produced sig- 
nificantly more butterfat (P < 0.01) than the Holsteins per 1,000 lb. of cow. 
Similarly, there were only minor differences in average yield of FCM and pro- 
tein among the three breeds, but the Holsteins produced significantly more milk, 
SNE, and lactose. 

Average yields per 1,000 lb. of metabolic size, according to Brody (5) and 
Kleiber and Mead (33), would be a fairer comparison. On the basis of metabolic 
size as herein defined, it appears the Holsteins in this study were the most 
efficient producers of milk, FCM, SNF, protein, and lactose (P < 0.005), but 
lower in milk fat (P < 0.005). The general results in Table 1 show it is im- 
portant to consider size when evaluating dairy merit (5). One does not have 
to make breed comparisons to illustrate the need for considering dairy merit, 
since individual variation in size of cows within breeds is larger than differ- 
ences in breed averages. 
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TABLE 1 


Average weight and yield during 305-day lactation yields 


Actual yields of 





Fat 








Breed Records Weight Milk FCM SNF Protein Lactose 
(No.) (lb.) 
Per cow 
Holstein 101 1,353 13,507 501 12,917 1,153 410 641 
Jersey 57 928 7,125 404 8,914 665 345 
Guernsey 58 1,015 8,428 421 9,688 760 409 
Total 216 1,150 10,459 454 10,994 919 339 501 
Per 1,000 lb. of cow 
Holstein 101 1,353 10,000 371 9,560 854 303 476 
Jersey 57 928 7,720 438 9,660 722 290 375 
Guernsey 58 1,015 8,428 42] 9,688 760 287 409 
Total 216 1,150 8,990 402 9,627 795 295 432 
Per 1,000 lb. metabolic size (33) 
Holstein 101 1,235 10,920 405 10,450 933 331 520 
Jersey 57 948 7,530 427 9,410 703 283 365 
Guernsey 58 1,010 8,430 420 9,680 760 287 411 
Total 216 1,099 9,360 415 9,970 S26 306 446 


Relative importance of age and weight. Table 2 shows the simple and partial 
linear regression coefficients and the fraction accounted for by the latter. Simi- 
larly, the correlations are in Table 3, which also shows the relative importance 
of age and weight as determined by the standard partial regression coefficients. 
Since previous workers have made comparisons involving milk fat or FCM, 
discussion of Tables 2 and 3 will be limited largely to these two measures of yield. 

The simple regressions and correlations (Tables 2 and 3) clearly show the 
rather large values for the relationship of age or weight to yield when the 
effects of one are confounded with the other. These values are comparable with 
other similar data (10, 25, 26). On an intra-breed basis, a 100-lb. increase in 
weight (Table 3) showed a significant increase of 570 lb. FCM, but this was 
only 236 lb. for weight independent of age (not significant). In this latter case, 
age was more than two times as important as weight (Table 3). 

Turner (44, 45) estimated weight to be 25 to 30% as important as age for 
Jerseys and Guernseys. Gaines (17), using a different procedure, reported that 
tue effects of age and weight were about equal. Miller and McGilliard (37), 
using Michigan DHIA records, observed an intra-breed increase of 200 lb. of 
milk per 100-lb. increase in body weight, independent of age, for Holsteins, 
Jerseys, and Guernseys. Gaines (16) reworked McDowell’s (36) 110,000 DHIA 
records and observed an inerease of 250 lb. FCM per 100-lb. increase in size, 
but in this study age effects were confounded with weight effects. Turner (44, 
45) observed increases of 18-22 lb. in butterfat production of Jerseys and 
Guernseys, using yearly age groups which, of course, partially removed the 


effects of age. 

Two other studies involved weight and yield, but the records were first 
converted to a mature equivalent basis (13, 42). In one (13), Holsteins showed 
an inerease of 16 lb. of milk fat per 100-lb. increase in weight. In the Jerseys 
(13), age conversion apparently accounted for all changes due to weight. The 
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TABLE 2 
Changes in yield(y) per 12-mo. increase in age and 100-lb. increase in weight 
Fraction 
due to 
regres- 








Simple regression Partial regression sion—age, 
——— —_——— weight, 
Breed Age Weight Age Weight and yield 
————_—_—_—— -(1b.) (R*) 
Milk (y) 
Holstein 767 963 506 530 0.25 
Jersey 340 369 338 —=¢G* 0.31 
Guernsey 2° —361 207* —516 0.00 
Common 503 585 400 237* 0.15 
Total 634 1,205 iP dy 1,201 0.53 
Fat (y) 
Holstein 27 32 20 15 0.19 
Jersey 17 26 14 10 0.17 
Guernsey 0* ~¢* $* —g* 0.01 
Common 19 22 15 9* 0.12 
Total 21 23 12 19 0.23 
Total solids (y) 
Holstein 87 106 60 55° 0.21 
Jersey 42 54 28 13° 0.15 
Guernsey —=—4F —35° 14* —45°* 0.05 
Common 56 67 44 29° 0.12 
Total 70 115 12° 111 0.42 
FCM (y) 
Holstein 714 860 502 430°" 0.21 
Jersey 395 533 345 150* 0.18 
Guernsey ~=§* —240°* 127° —336* 0.05 
Common 487 570 384 236° 0.13 
Total 570 824 sta 757 0.37 
SNF (y) 
Holstein 60 75 39 41* 0.21 
Jersey 24 28* 24 2° 0.13 
Guernsey -4* —29° it hy —$7 0.07 
Common 38 45 29 20° 0.12 
Total 48 93 0* 93 : 0.49 
Protein (y) 
Holstein 22 29 13 18 0.23 
Jersey 10 i3* 9 3° 0.14 
Guernsey Q* —§* g° —7* 0.02 
Common 15 19 10 10 0.14 
Total 18 30 3? 28 0.44 
Lactose (y) 
Holstein 30 38 21 20° 0.19 
Jersey 13 12° 14 ——_ 0.12 
(ruernsey 4" 22 Sy —27 0.11 
Common 19 21 16 77 0.10 
5 54 0* 48 0.44 


Total 25 


“The regression is not significant at the 5% level of probability. In each comparison 
the slopes of the individual breed regressions are significantly different. 


general data for increases in milk fat and FCM yields (Table 2), with increas- 
ing weight independent of age, are within the range of near-similar data re- 
ported by others (13, 37, 42, 44, 45). 

Generally, Holsteins show a greater increase in yield as weight increases 
(10, 25, 28, Table 2) or as weight increases independent of age (10, 12, 13, 
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TABLE 3 
Correlations (r) between yield (y) and age (#;) and/or weight (22) 
Simple (r) Partial (7) Relative importance of * 
Breed Age Weight Age Weight Age Weight 
a (coefficient )——_——_——_- —_————(ratio) —— 
Milk 
Holstein 0.46 0.44 0.26 0.24 0.30 0.24 
Jersey 0.45 0.27 0.38 —0.01 0.46 -0.01 
Guernsey 0.00 —0.26 0.22 —0.32 0.21 —0.38 
Common 0.37 0.30 0.24 0.10 0.29 0.12 
Total 0.31 0.73 0.01 0.69 0.01 0.73 
Fat 
Holstein 0.42 0.37 0.25 0.14 0.31 0.17 
Jersey 0.40 0.32 0.27 0.11 0.32 0.13 
Guernsey —0.01 —(.10 0.05 -0.11 0.06 -0.13 
Common 0.33 0.28 0.21 0.10 0.26 0.12 
Total 0.34 0.46 0.18 0.37 0.19 0.37 
Total solids 
Holstein 0.43 0.40 0.24 0.17 0.30 0.21 
Jersey 0.38 0.27 0.28 0.05 0.34 0.06 
Guernsey —0.03 —0.20 0.09 —0.21 0.11 -0).25 
Common 0.33 0.28 0.21 0.10 0.26 0.12 
Total 0.31 0.69 0.06 0.60 0.05 0.62 
FCM 
Holstein 0.44 0.40 0.26 0.17 0.31 0.20 
Jersey 0.42 0.3 0.31 0.08 0.37 0.09 
Guernsey —0.01 -0.16 0.10 —0.16 0.12 —0.22 
Common 0.35 0.29 0.23 0.10 0.28 0.12 
Total 0.34 0.61 0.12 0.54 0.11 0.56 
SNF 
Holstein 0.43 0.41 0.24 0.19 0.28 0.22 
Jersey 0.36 0.23 0.27 0.02 0.35 0.02 
Guernsey —0.05 —0.25 0.16 —0.26 0.13 -0.32 
Common 0.33 0.28 0.21 0.10 0.26 0.12 
Total 0.29 0.70 0.00 0.66 0.00 0.70 
Protein 
Holstein 0.43 0.43 0.22 0.22 0.26 0.26 
Jersey 0.37 0.26 0.28 0.05 0.34 0.05 
Guernsey —0.06 —0.13 0.08 -0.11 0.09 -0.18 
Common 0.34 0.32 0.20 0.15 0.24 0.17 
Total 0.32 0.66 0.07 0.77 0.06 0.64 
Lactose 
Holstein 0.41 0.38 0.23 0.16 0.28 0.20 
Jersey 0.34 0.17 0.30 —0.04 0.37 —0.05 
Guernsey —0.08 —0.31 0.11 —0.32 0.14 —0.39 
Common 0.30 0.23 0.21 0.06 0.26 0.08 
Total 0.26 0.70 —0.05 0.68 0.00 0.63 
* Standard partial regression coefficients = by 1.2 V =x," >,? for age; by 2.1 V =x: 2,’ 


for weight. 


Table 2), when compared with Ayrshires (10) or Jerseys or Guernseys. Tables 
2 and 3 show that breed differences may be considerable and if cows of several 
breeds are compared as a single population, yield relationships with weight, 
independent of age, appear over five times as important as age. 

The Guernseys involved in the present study show two undesirable features 
which are probably not generally characteristic of the breed. These are (a) 
less than expected increases in yield with aging and (b) the larger animals 











AGE, WEIGHT, AND PRODUCTION OF COWS 521 
e 


were the poorer producers. In this regard, Davis et al. (10) observed a negative 
regression between yield of their Guernseys and weight independent of age, 
but Turner (44) found an 18-22 lb. increase in milk fat per 100-lb. increase 
in body weight within age intervals of one year. The results are disturbing, 
to the extent that they show what can happen in an individual herd if size is 
given undue emphasis without at the same time paying close attention to dairy 
merit (5). 

Finally, Tables 2 and 3 show that yields of total solids, SNF, protein, and 
lactose show relationships similar to those already discussed for FCM and 
milk fat, though protein may be partially considered an exception. In the case 
of this component of milk, the relative importance of weight and age is more 
nearly equal (Table 3) on an intra-breed basis, i.e., near 40% for weight and 
60% for age. Lactose on a similar basis is nearer 25% for weight and 75% 
for age. In this study the older cows secreted a lower percentage of lactose in 
the milk, thereby also lowering the percentage solids-not-fat. Protein percentage 
declined with age very little, if at all. 


DISCUSSION 

Over the years much controversy has occurred on the relative merits of age 
or weight correction. The present data are too few for generalizations. In fact, 
attempts to generalize the effects have been largely responsible for the more 
puzzling aspects of this general problem. Unquestionably, weight correction 
without regard to age would adjust at least partially for differences due to 
age, and the reverse is true. Neither the effects of age nor weight on yield are 
linear. When treated as linear, as in the present study, one can expect the esti- 
mates of their independent effects to be conservative. The total evidence as 
herein reviewed and discussed favors the view that yield does not increase pro- 
portionately with weight (W*°) but at a power of weight below 1.0, even when 
the effects of age are not removed. The literature is in relatively good agree- 
ment on the magnitude of increases in yield with each 100-lb. increase in weight, 
where near comparable methods of analysis were used. 

Evaluation of cows on the basis of dairy merit (5) or efficiency (14, 15), 
or in terms of output/unit weight of cow (Table 1) appears necessary for im- 
proving their apparent feed efficiency. Touchberry (42), using mature equiva- 
lent records, observed no genetic correlation between weight and yield. How- 
ever, Miller and McGilliard (37) studied the effects of age and weight 
independently and observed a genetic correlation of 0.3 between weight and 
yield. Turner (45) found that daughters increased 16 lb. in weight for each 
100-lb. greater size among the dams. 

The effects of increasing size on yield are sufficiently high that sires may 
well be labeled as outstanding transmitters of improved production which is 
entirely due to size and which may even result in a decrease in dairy merit. 
Under present methods of evaluating sires for ability to transmit increased 
production, increases as often as not may be due to increased size of the daugh- 
ters as a result of inheritance and environment. If so, how much more should 
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these daughters produce to have dairy merit equal to smaller daughters of other 


sires? 


(4 
(5) 


(6) 


(9) 


(10 


(11) 


(20 
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EFFECT OF INCREASED LEVELS OF OVARIAN HORMONES AND 
DURATION OF TREATMENT ON THE EXPERIMENTAL 
INDUCTION OF GROWTH OF THE COW’S UDDER!:? 


RALPH WILLIAMS anp C. W. TURNER 


Department of Dairy Husbandry, University of Missouri, Columbia 


SUMMARY 


Mammary gland growth was induced experimentally by daily injection of 200 mg. 
of progesterone with 200 yg. of estradiol benzoate or by the feeding of 20 mg. of 
diethylstilbestrol daily for periods of 60, 120, and 180 days to 20 heifers and one steer. 
Lactation was then initiated by daily injections of 0.3 mg. of estradiol benzoate per 
100 lb. body weight for 14 days. Treatment for 180 and 120 days apparently did not 
stimulate any greater mammary gland growth than 100 mg. of progesterone and 100 
pg. of estradiol benzoate injected daily for 180 days, used in previous studies. The 
average maximum daily milk yields for the 16 animals on the lower level of hormones 
was 22.7 lb. per day, compared with the maximum daily milk yield of 23.8 and 21.2 
lb. for the 14 animals treated for 180 and 120 days, respectively, with the higher level 
of estrogen and progesterone. 

The mean maximum daily milk yield for the six heifers injected for 60 days was 
10.2 lb. The average maximum daily milk yield for the three lowest producers was 3.9 
lb., compared with 21.4 lb. per day for the three highest producers of this group. 

Twenty milligrams of diethylstilbestrol administered orally proved equally as 
effective as 200 yg. of estradiol benzoate injected subcutaneously in synergizing with 
200 mg. of progesterone injected daily to stimulate mammary gland development. 

When the lactation curve of the experimental heifers began to decline after reaching 
their maximum milk yield, either estradiol benzoate at the level used to initiate lacta- 
tion or the feeding of diethylstilbestrol at levels of 30 and 40 mg/day/100 lb. body 
weight was administered for seven days. During the week of administration, milk yield 
declined slightly. This was followed by a variable increase in milk yield for several 
weeks, reaching peaks of lactation, in some cases, above the initial maximum production. 





Preliminary reports have been presented concerning the experimental induc- 
tion of growth of the cow’s udder and the initiation of milk secretion (3, 4). 
In these studies, 12 heifers were injected daily with a mixture of 100 yg. estradiol 
benzoate and 100 mg. of progesterone for 180 days. Four additional heifers were 
fed 10 mg. daily of diethylstilbestrol in place of the injected estrogen plus 
progesterone. Upon the subsequent induction of lactation with 3 mg. daily of 
estradiol benzoate for 2 wk., mean maximum daily FCM milk yield was 24.7 
and 23.8 lb., respectively, for the two groups. 

In continuing these studies, answers to several questions were sought. First, 
was the amount of ovarian hormones sufficient to stimulate the growth of the 
udders to the greatest extent possible? To answer this question, it was decided 
to double the level of the two ovarian hormones ; namely, to 200 mg. progesterone 
and 200 pg. estradiol benzoate or 20 mg. diethylstilbestrol (orally). 
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Second, could the duration of the ovarian hormone injection period be 
reduced prior to the initiation of lactation? To answer this question, groups 
of heifers were injected for 60, 120, or 180 days. 

Third, it seemed desirable to determine the oral effectiveness of diethylstil- 
bestrol as compared to the injection of estradiol benzoate. In the present study, 
the diethylstilbestrol was fed at a level of 20 mg. daily. 

Fourth, would estrogen which is effective in stimulating the initiation of 
lactation via the lactogenic hormone have an influence on milk yield after 
maximum production had been reached and milk secretion had begun to decline ? 

Finally, the influence of the administration of L-thyroxine at 50% above the 
winter secretion in late lactation was studied in one group of heifers. 


EXPERIMENTAL METHODS 


This experimental study of mammary gland growth in dairy cattle included 
21 animals (Table 1). Daily subcutaneous injections of 2 mg. of the oil and 
benzyl alcohol. solution containing 200 mg. progesterone or 200 mg. of proges- 

















TABLE 1 
Data on experimental cattle 
Duration Age at 
of hor- initia- Body weight 
mone Experimental tionof — 
Breed & treatment growth of lactation At start At end 
herd No. (days) udder started (mo.) (lb.) (lb.) Remarks 
Group I 
BS 26 180* October 2, 1958 25 940 1,245 Normal 
BS 27 180 October 2, 1958 20 810 977 Normal 
J 594 180° Oetober 2, 1958 23 585 787 Normal 
J 631 180 October 2, 1958 29 775 982 Normal 
H 863 180 October 2, 1958 26 865 1,190 Normal 
H 868 180* October 2, 1958 23 820 1,102 Normal 
H 872 180 October 2, 1958 21 760 1,015 _ Normal 
Group II 
BS 24 120 October 2, 1958 26 1,000 1,205 Normal 
BS 25 120° October 2, 1958 26 910 1,040 Normal 
G 478 120* October 2, 1958 38 1,085 1,190 Sterile 
J 630 120 Oetober 2, 1958 29 805 970 Normal 
H 869 120* October 2, 1958 21 865 1,060 Normal 
H 870 120° October 2, 1958 21 820 970 Normal 
H 873 120 October 2, 1958 18 775 900 Normal 
Group III 
H 879 60 October 25, 1959 24 880 1,020 Normal 
H 263 60 October 25, 1959 25 835 920 Normal 
H 265 60 October 25, 1959 24 865 945 Normal 
J 635 60 October 25, 1959 27 590 630 Grade rumen 
fistula su- 
tured at 
start of 
experiment 
J 644 60 Oetober 25, 1959 33 870 910 Normal 
G 261 60 October 25, 1959 25 840 930 Normal 
266 180 February 14, 1959 24 625 980 Steer 





* Received 20 mg/day of diethylstilbestrol orally in place of 200 ug/day of estradiol 
benzoate. 
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terone and 200 yg. of estradiol benzoate were administered throughout the 
growth phase. 

The diethylstilbestrol was prepared with celluflour and premixed with finely 
ground soybean meal, then mixed with the concentrate feed. One pound of feed 
containing 20 mg. of diethylstilbestrol was fed once a day before the regular 
feeding. 

As animals became available they were placed in three groups for the 
mammary gland growth study. Group I consisted of seven heifers, which were 
treated for 180 days. Group II ineluded seven heifers which were injected for 
120 days. Group III ineluded six heifers that received progesterone and estra- 
diol benzoate for 60 days. To compare oral effectiveness of diethylstilbestrol 
with the injection of 200 ug. of estradiol benzoate in synergizing with 200 mg. 
progesterone to stimulate mammary gland growth, three heifers from Group I 
and four heifers from Group II were fed 20 mg. of diethylstilbestrol daily to 
replace the estradiol benzoate. The remaining animals in each group received 
progesterone in combination with estradiol benzoate by injection. 

The animals in Group I received increased estrogen the last 30 days of the 
growth phase. The estradiol benzoate was increased to 1 mg. the first ten days 
to 2 mg. the second and to 3 mg. the last ten days of this period. 

To initiate lactation at the end of the growth phase, progesterone injections 
were discontinued and 0.3 mg. of estradiol benzoate per 100 lb. body weight was 
injected daily for 14 days. Milking was commenced 12 hr. after the first injec- 
tion and continued twice daily for the duration of the experiment. 

When the heifers began to decline in milk production for,periods of 1 to 3 
wk. after reaching maximum production, estrogen treatment was again tried 
during a period of 1 wk. The heifers in Group I were treated orally with 30 mg. 
of diethylstilbestrol/100 lb. body weight daily during the 10th wk., 40 mg. daily 
during the 17th wk., and injected with 0.3 mg. estradiol benzoate/100 lb. body 
weight during the 25th wk. of lactation. 

Animals in Group II were injected with 0.3 mg. of estradiol benzoate/100 Ib. 
body weight during the 9th wk. of lactation and Group III the same amount 
during the 9th or 10th wk. 

Group II was injected with L-thyroxine beginning Week 24 for 8 wk. at a 
level 50% above their winter thyroxine secretion rate. 


EXPERIMENTAL RESULTS 
A noticeable lengthening of the tests occurred after 3 to 4 wk. of hormone 
therapy. The skin of the udder and the vulva showed some increased hyperemia, 
whereas external appearance of the udders indicated little or no growth at the 


end of estrogen-progesterone treatment; however, rapid enlargement occurred 
after the initiation of estradiol benzoate administration. 

The two heifers, No. 872 from Group I treated with progesterone and estra- 
diol benzoate, and No. 478 of Group II which received progesterone and diethyl- 
stilbestrol, showed signs of estrus 87 and 112 days after the start of hormone 
treatment. All heifers showed marked edema of subcutaneous tissue of the 
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udder starting when estradiol was injected to initiate milk secretion, with the 
exception of the three low-producing heifers in Group III. This condition per- 
sisted throughout the period of estrogen treatment, but disappeared within a few 
days after discontinuing the estrogen injections. In several of these animals 
the edematous condition extended from the udder to the navel area. Increased 
hyperemia and swelling of the vulva occurred concurrent with the udder edema. 
Slight to considerable relaxing of the sacroiliac and sacrosciatic ligaments, caus- 
ing a sinking in front of the tuber eschii (pin bones), as is noticed in cows a 
few hours before parturition, occurred during the estrogen treatment. 

The seven heifers which were treated for 180 days with progesterone and 
estrogen were injected with increasing amounts of estrogen during the last 30 
days of the growth phase, to determine if milk secretion would be initiated 
gradually, as is believed to oceur during the last one-third of pregnancy. Only 
two of the seven cows (No. 27 and No. 631) showed signs of bagging up during 
this period. When progesterone was stopped, their increase in milk yield was 
no more rapid than the others in the group when estradiol benzoate alone was 
administered. The mammary secretion on the first day after estrogen adminis- 
tration ranged from 6 to 70 ml., consisting of a sticky, viscous, honey-colored 
material changing to a colostral appearance as yields increased to 200 to 400 ml. 
per day. The secretion gradually changed to normal-appearing milk as daily 
production reached 4 to 10 lb. per day. Rapid increases in milk yields occurred 
from the third to the ninth day in this group. The mean daily production, com- 
puted as the average of a seven-day period, increased from 0.1, 0.3, 3.0, 2.8, 2.0, 
0.09, and 0.4 Ib. in the 1st wk. to 20.5, 17.1, 20.1, 24.7, 30.9, 28.6, and 28.7 Ib. 
in 6 to 9 wk. for heifers numbered 26, 27, 594, 631, 868, 863, and 872, respec- 
tively. The mean maximum daily milk yield of 23.8 lb. per day for this group 
was reached in the 6th wk. (Figure 1). No difference in milk yield was observed 
due to the estrogen injection compared with diethylstilbestrol fed with proges- 
terone to stimulate mammary gland growth. Animals in this group which re- 
ceived 20 mg. of diethylstilbestrol orally reached a mean maximum ‘daily produc- 
tion of 23.6 lb. per day in the 6th wk., compared with a peak of 24.0 lb. per day 
at the same time for heifers which were injected with 200 yg. of estradiol 
benzoate. 

In Group II, as in all three groups, milking was commenced 12 hr. after the 
injection of estradiol benzoate alone,was started. The first secretion and the 
change to normal-appearing milk was the same in all three groups. The mam- 
mary secretion obtained from this group on the first day ranged from none to 
65 ml.; no secretion was obtained from No. 873 on the first two days after 
milking was started. The mean daily production (based on a weekly average) 
ranged from 0.36, 1.6, 1.6, 1.1, 0.7, 2.7, and 0.8 lb. the Ist wk., reaching a peak 
daily production of 20.8, 20.9, 23.6, 23.4, 21.2, 21.5, and 20.7 lb. in 7 to 9 wk. for 
animals numbered 869, 478, 25, 24, 870, 630, and 873, respectively. The average 
maximum daily milk yield for Group II was 21.2 lb. per day in the 7th wk. 
(Figure 2). This was slightly lower than Group I; however, not significantly 


different at the 5% level. The mean daily maximum production of the heifers 
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Fig. 1. Mean daily milk yield for weekly periods for Group I, 180-day growth phase. 
DES designates diethylstilbestrol, fed for 1 wk. EB denotes estradiol benzoate injected for 








seven days. 


fed diethylstilbestrol was 21.1 compared with 21.3 lb. per day for the animals 
of this group which were injected with estradiol benzoate to synergize with 
progesterone to stimulate mammary gland growth. 

The six heifers treated with progesterone and estrogen for 60 days showed 
much greater variation in milk yield. The total production for the first seven 
days ranged from a few milliliters to 2.6 lb., reaching a maximum daily milk 
yield (weekly average) of 26.1, 23.8, 16.7, 6.2, 3.6, and 3.3 lb. for heifers 
numbered 879, 261, 644, 635, 265, and 263, respectively, in 4 to 8 wk. The 
mean maximum daily milk yield of 21.4 lb. per day for the three higher-pro- 
ducing animals in Group Three was comparable to the peak yield of the animals 
treated for 180 and 120 days. The average peak yield of the three lower-produc- 
ing heifers, however, was only 3.9 lb. per day. The maximum daily production 
was reached at the 4th wk. by the low producers, whereas the peak production 
was attained in the 7th wk. by the higher producers (Figure 3). The mean 
daily yield of 10.4 lb. for Group III was considerably less than that of the two 
other groups. 

An evaluation of the differences in the extent of mammary gland growth 


stimulated during the three treatment periods was obtained, using the lactation 
index as a measure of udder growth (Table 2). The difference was tested by 
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Fig. 2. Mean daily milk yield for weekly periods for Group II, 120-day growth phase. 

EB designates estradiol benzoate injected for 1 wk. TX denotes L-thyroxine injected daily 


for 12 wk. at 50% above winter secretion rates. 





the ‘‘t’’ test. There was no significant difference between the mean maximum 
daily milk yield of Group I and Group II during the first 8 wk. after the ini- 
tiation of lactation or during the next 8 wk. following injections of 0.3 mg. of 
estradiol benzoate or by feeding 30 mg. of diethylstilbestrol per 100 lb. body 
weight daily for seven days following a decline in production for 1- to 3-wk. 
periods (P > .05). Mammary gland growth stimulated during the 60-day 
injection period was significantly less than that of the two other groups treated 
TABLE 2 
Comparison of milk yield for the three treatment periods 





Total pounds of FCM produced 


180-day treatment 120-day treatment 60-day treatment 

Herd No. 8 wk. 16 wk. Herd No. 8 wk. 16 wk. Herd No. 8 wk. 16 wk. 
594 1,168.6 2,506.1 24 1,096.8 2,521.2 263 121.3° 196.7 
S68 1,306.4 2,802.6 25 988.5 2,369.8 265 136.9 * 350.7 
863 1,023.6 2,104.9 630 882.7 2,547.0 635 296.3" 852.8 
872 1,243.0 2,561.0 478 1,006.8 2,165.9 879 1,102.9 2,320.7 
631 1,363.9 3,019.0 873 872.3 2,155.7 261 1,028.2 2,153.8 
26 822.2 2,040.5 870 908.9 2,120.5 644 845.7 2,178.7 

27 789.8 1,642.0 S69 846.4 1,833.9 
Mean 1,113.6 2,393.9 975.7 2,244.9 589.9 * 1,342.2 


“Significantly different from the mean of the 180-day treated group (P > .05). 
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for 180 and 120 days (P > .05). However, the average of the three high-pro- 
ducing animals in Group III was not significantly different from either Group 
I or Group II (P > .05). 

One Holstein steer numbered 266 was treated with 200 mg. of progesterone 
and 200 yg. of estradiol benzoate daily for 180 days to stimulate mammary 
gland growth. Three weeks after the initial injection of the ovarian hormones, 
increases in diameter and length of the teats were observed. By the end of the 
5th mo. a whitish fluid very much like milk could be obtained. A maximum of 
15 ml. per day was secreted 2 wk. after the estrogen treatment. A second 14-day 
estradiol benzoate injection period did not stimulate increased secretion. 

Richardson (1) suggested that the difficulty in obtaining full mammary gland 
development in male cattle is due to a poorly developed inguinal fatty pad in 
these animals. Turner (2) noted a lack of udder growth in fetal development 
of the male bovine. As a result of a lack of udder development, the mammary 
gland lacks space in which to grow except at the base of the teat. In contrast, 
in the female the udder consists of a fatty pad in which the ducts and lobule- 
alveolar system can grow extensively under the stimulus of suitable hormones. 


Three heifers from Group I and four from Group II were fed 20 mg. of 
diethylstilbestrol daily in place of 200 yg. of estradiol benzoate injected with 
200 mg. of progesterone to stimulate mammary gland growth. The mean total 
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TABLE 3 
Effect of oral or injected estrogen with 200 mg. injected progesterone on milk yield 


Total pounds of FCM produced 











20 mg. diethylstilbestrol orally 200 wg! estradiol benzoate injected 
Herd No. 8 wk. 16 wk. Herd No. 8 wk. 16 wk. 
594° 1,168.6 2,506.1 24 1,096.8 2,521.2 
868 * 1,306.4 2,802.6 27° 789.8 1,642.0 
870 908.9 2,120.5 630 882.7 2,547.0 
3869 846.4 1,833.9 631° 1,363.9 3,010.0 
478 1,006.8 2,165.9 872° 1,243.0 2,561.0 
26° 822.2 2,045.0 873 872.3 2,155.7 
25 988.5 2,369.8 863" 1,023.6 2,104.9 
1,016.6 2,262.8 1,071.4 2,375.9 


Mean 





“ These animals were treated for 180 days. The other animals in each group were treated 
for 120 days. There was no significant difference in the mean production between the two 
treatments (P > .05). 


production at 8 wk. of 1,016.6 lb. of milk for the seven animals administered 
diethylstilbestrol was compared to the mean of 1,071.4 lb. for the seven heifers 
injected with estradiol benzoate (Table 3). The difference was tested by the 
“*t?? test. There was no significant difference in the mean production between 
the two treatments, either at the peak reached in 8 wk. after the initiation of 
lactation or in 16 wk. after subsequent treatment with 0.3 mg. of estradiol ben- 
zoate per 100 ib. body weight injected to Group II during the 10th wk. or 
feeding 30 mg. of diethylstilbestrol per 100 lb. body weight daily to Group I 
during the 9th wk. of lactation (P > .05). 

When three animals in Group III lactated so well after an injection period 
of 60 days, it was thought of interest to determine the effect of the estrogen 
treatment alone. Two 26-mo.-old Jersey heifers were available. They were 
injected with estradiol benzoate at a level of 3 mg/day for 14 days, similarly 
to the others. A maximum average daily milk production of 15.5 and 13.9 lb. 
per day was reached during the 9th wk. following the start of the injection of 
estrogen. 

Comparison of productivity of experimental animals with relatives. An 
estimate of the extent of mammary gland development in the experimental 
heifers may be obtained by the comparisons of the maximum daily milk yields 
of related animals. Comparison of the mean maximum daily production (based 
* on a weekly average) of maternal and paternal half-sisters with that of animals 
in Group I showed that the experimental animals produced from 61.3 to 108.4% 
of the mean of the related animals lactating after normal pregnancy. It will 
be noted from the range in production that some experimental animals exceeded 
the production of some of their lower producing half-sisters (Table 4). Sim- 
ilarly, in Group II, the comparison ranged from 55.8 to 135.8%. Since only 
three animals in Group III produced approximately normal milk yield, only 
individual comparisons are of significance. 

Effect of estrogen upon established lactation. Since estrogen has been effective 
in these studies in initiating lactation and in causing milk secretion to increase 
for many weeks, it was decided to determine the influence of this hormone after 








532 RALPH WILLIAMS AND C. W. TURNER 


milk yield had reached a peak and had begun to decline. The administration 
of estrogen to the heifers in all three groups showed a decline in milk yield 
during the week of estrogen treatment. This was followed by an increase during 
the following 1 to 3 wk., up to, or considerably above, the level of production 
expected. 

In Group I, the administration of two levels of diethylstilbestrol orally 
caused an initial dip in production, with a subsequent rebound to a higher level 
(Figure 1). In Group II the injection of estrogen during the 9th wk. stimulated 
an increase from 19.0 to 24.9 lb. per day, an inerease of 31.1%. This production 
was considerably above the mean maximum milk yield previously attained by 
this group. 

These data indicate the desirability of determining whether cows after 
normal parturition might respond favorably to a short period of estrogen when 
they begin to decline in milk production. 

Effect of thyroxine on milk secretion. The winter thyroxine secretion rate 
of each heifer in Group II was determined. On the 24th wk. of lactation, 
L-thyroxine was administered daily to each animal at a level 50% above their 
seeretion rate and was continued for 8 wk. It will be noted that milk yield 
increased rapidly for a period of 4 wk, reaching a peak of milk yield higher 
than had been reached previously by this group. While milk yield then began 
to decline, the milk yield at the end of the experiment was still above the mean 
yield at the time thyroxine was administered (Figure 2). These data indicate 


TABLE 4 
Comparisons of maximum daily milk yield of experimental animals with related animals 








Experimental animals 





Comparison of related animals chines 
otk pe Ma; 














Maximum milk production milk 
Type of $$$ production Comparison 
Herd No. comparison (lb/day) (Range) (lb/day) (%) 
Group I 
863 11 Half-sisters 61.5 48.8-74.8 37.7 61.3 
868 14 Half-sisters 51.4 42.0-62.2 40.9 79.6 
872 14 Half-sisters 51.4 42.0-62.2 39.6 77.0 
26 2 Half-sisters 32.1 19.6—46.1 34.8 108.4 
27 1 Full sister 36.2 25.6 70.7 
631 12 Half-sisters 32.3 24.1-39.9 32.0 99.1 
594 12 Half-sisters 32.3 24.1-39.9 27 83.6 
Group II 
869 11 Half-sisters 61.5 48.8-74.8 34.3 55.8 
870 14 Half-sisters 51.4 42.0-62.2 42.2 82.1 
873 14 Half-sisters 51.4 42.0-62.2 37.9 73.7 
478 16 Half-sisters 38.9 29.6-58.7 23.4 60.2 
24 2 Half-sisters 9 19.6-46.1 35.6 108.2 
25 2 Half-sisters 32.5 19.6-46.1 44.8 135.8 
630 12 Half-sisters 32.3 24.1-39.9 27.6 86.3 
Group III 
879 14 Half-sisters 51.4 42.0-62.2 33.9 66.0 
644 12 Half-sisters 32.1 19.6-46.1 20.2 62.5 
261 Reeord of dam 32.6 29.3 89.9 
265 Reeord of dam 39.4 4.4 11.2 
263 Reeord of dam 63.9 5.9 9.9 








635 Grade—No records available for comparison 














OVARIAN HORMONES AND UDDER GROWTH 533 


that the thyroxine secretion rate of these animals was limiting their capacity 
to secrete milk. 
DISCUSSION 

The present data indicate that 200 mg. progesterone and 200 yg. estradiol 
benzoate (ratio 1:1,000) stimulated no greater growth of the udders of these 
heifers (as indicated by the lactation index) than did 100 mg. progesterone and 
100 pg. estradiol benzoate (1:1,000) used in the previous studies (3, 4). At the 
lower level, the mean maximum daily milk yield for 16 animals of 22.7 lb/day 
compares quite well with the peak yields of 23.8 and 21.2 lb/day reached by 
animals of Group I and II following injection periods of 180 and 120 days, 
respectively. While greater growth of the mammary gland may be stimulated 
by the use of other ratios or changes in the plan of administration, such as 
increasing or decreasing amounts of the two hormones, it would appear that 
100 mg. progesterone and 100 yg. estradiol benzoate is optimal at ratios of 
1:1,000 of the two hormones by uniform administration. 

The average maximum daily milk yield of Group II treated with progesterone 
and estrogen for 120 days reached a peak of 21.8 lb. in 7 wk., whereas Group I 
treated for 180 days reached an average peak yield of 23.8 lb. per day in 6 wk. 
Following comparable estrogen treatment during the 9th or 10th wk., the maxi- 
mum average daily yield of the group with the shorter treatment period reached 
24.8 lb. during the 15th wk., whereas the peak of 23.2 lb. per day for Group I 
was reached in the 14th wk. There was no significant difference in the mammary 
gland growth stimulated in 180 as compared to 120 days of administering 200 
mg. of progesterone and 200 yg. of estradiol benzoate. 

The importance of progesterone in stimulating lobule-alveolar growth in 
dairy cattle has been questioned by some investigators, because estrogen alone 
stimulates variable amounts of milk secretion. In the light of the current re- 
search, where the udders were stimulated with estrogen and progesterone for 
60 days, it would appear that those animals which are capable of secreting 
approximately normal amounts of milk either are capable of responding very 
rapidly to the gonad hormones or have developed more secretory tissue during 
recurring estrous cycles than had been believed possible heretofore. The latter 
suggestion is believed to be most reasonable. If this explanation is true, the 
recurrence of the estrous cycle after reaching sexual maturity, with the secretion 
of estrogen and progesterone, is capable of stimulating not only the growth 
of an extensive duct system in the udder but of lobule-alveolar growth as well. 
Thus, heifers which have not been bred for a year or more after sexual maturity 
has been attained may have sufficient lobule-alveolar growth to respond to the 
administration of estrogen by considerable yields of milk. However, not all 
heifers appear to respond to the gonad hormones secreted by recurring estrous 
eycles. Thus, in Group III one might suggest that the 2-mo. injection period 
was effective in continuing udder growth in three animals, whereas in the others 
little or no lobule-alveolar growth was present at the time hormone injections 
were started. The explanation of these differences in heifers in their capacity 
to respond to the hormones of recurring estrous cycles will be sought. They 
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may be deficient in secretion of other hormones which synergize with the gonad 
hormones in stimulating mammary gland growth. 

With a limited number of animals, Turner (3) found that 10 mg. of diethyl- 
stilbestrol fed daily synergized as well with a 100 mg/day injection of proges- 
terone as a 100 wg/day injection of estradiol benzoate in stimulating mammary 
gland growth in cattle. The udder growth stimulated by 20 mg. of orally ad- 
ministered diethylstilbestrol and 200 mg. of progesterone was equal to that ob- 
tained by daily injections of 200 pg. of estradiol benzoate plus 200 mg. of 
progesteone in both groups of heifers (Table 3). This agreement with previous 
work indicates that 1 mg. of diethylstilbestrol administered orally is equally as 
effective as 10 yg. of estradiol benzoate injected subcutaneously in synergizing 
with progesterone to stimulate mammary gland growth. 

In a previous study (5), the feeding of 10 mg. of diethylstilbestrol daily 
during a period of 4 wk. tended to arrest the decline in milk yield and in some 
animals caused a slight increase. In the experiments reported here, the estrogen 
treatment was more intense and of 1-wk. duration. In the case of estradiol 
benzoate, the use of 3 mg/100 lb. body weight was the same as that used to 
initiate lactation following the growth phase of development. Concerning di- 
ethylstilbestrol, no previous experience in its use for this purpose was available. 
The use of 30-40 mg/100 lb. body weight in Group I was not as marked as the 
use of 3 mg. estradiol in Group II following the peak of lactation. Whether 
this was due to the level of diethylstilbestrol or to differences in the two groups 
of cattle is not known. 

At any rate, in Group II, the response to estradiol was marked and stimu- 
lated an increase in milk yield above the peak of production reached following 
the initial stimulation. The observations suggest that the lactogenic hormone 
secretion may again be stimulated during lactation, as well as initially by 
estrogen. It is possible that normal lactating cattle might respond similarly to 
estrogen when they begin to decline after reaching maximum production. 

In Group II, the favorable influence of thyroxine in stimulating increased 
milk secretion even in late lactation was shown. The peak of milk yield for the 
lactation was reached in the 28th wk. of period. It is clear that these heifers 
were secreting less than optimal amounts of thyroxine for, upon the injection 
of 50% above their secretion rates, milk yield was stimulated markedly. 
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HERITABILITY AND REPEATABILITY OF FIRST, SECOND, THIRD, 
AND FOURTH RECORDS OF VARYING DURATION IN 
BROWN SWISS CATTLE !:2:8 


L. A. JOHNSON * ano E. L. CORLEY 


Dairy Husbandry Department, University of Wisconsin, Madison 


SUMMARY 


Heritability estimates of first, second, third, and fourth lactations, averages of two, 
three, and four records, and of 100- and 200-day partial first lactations, were made to 
study the reliability of using partial or complete first records as the basis for early 
selection in Brown Swiss cattle. The data consisted of 8,413 HIR records of not less 
than 200 or more than 305 days in length from 38 Brown Swiss herds in Wisconsin. 

Heritability estimates, obtained by doubling the intrasire regression of daughters on 
dams, were 0.42 for milk, 0.37 for butterfat, and 0.80 for percentage of butterfat for 
the first lactation. Estimates for milk and butterfat production, using partial first 
records, were of the order of 0.30 and 0.34 for 100- and 200-day yields, respectively. 
For percentage of butterfat, the values were 0.44 and 0.63, respectively. Repeatability 
values were 0.47 for milk, 0.45 for butterfat, and 0.68 for percentage of butterfat. 
Herds, sires, and cows in sire accounted for 25, 14, and 21%, respectively, of the total 
variance in milk yield. 

In selecting for production traits in Brown Swiss cattle, first records appear to be 
as valuable as any other single record or average of records. Partial first records of 
100 or 200 days in length will be almost as effective in improving milk and fat yield 
as selection based on 305-day first records. 

The heritability estimates found in this study of Brown Swiss cattle are slightly 
higher than those previously reported for production traits in other breeds of dairy 
cattle in the United States. However, most of the previously reported estimates fall 
within the lower range of the fiducial limits reported here. 





The reliability of the first record as the basis for early selection in the dairy 
cattle breeding program is important. Several workers (1, 2, 5,16,18) have felt 
that an average of two or more records is needed in order to have a reliable indi- 
cation of an animal’s producing ability. Others (4,9) report that the highest 
record of a cow is a better index of her transmitting ability for production than 
is the average of records. Heizer (11), in 1933, and more recent studies (12, 13, 
22, 24), have shown that selection based on the first record may be fully as 
reliable as where additional records are included. Johansson (12) concluded 
that the first record is superior to the second and slightly superior to the third 
as an indication of the cow’s inherent capacity for yield. 

Partial records may be helpful in making an early evaluation for selection. 
Several workers (6, 8, 20, 21, 23,27) have reported on the reliability of using 
short records. Madden et al. (21) have developed factors for extending short 
records on Holstein-Friesian cattle. 
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A knowledge of the heritability of production traits is important for the 
dairy cattle breeder. While the heritability of milk and butterfat yield has been 
estimated by several workers, there has been little extensive study of Brown 
Swiss cattle. Lush and Straus, (19) using 269 daughter-dam pairs, found the 
heritability of butterfat yield to be 0.17. No other estimates of heritability and 
no repeatability values are available in the literature, although two reports (25, 

28) provide background information for the breed. 

In the present study, heritability estimates of first, second, third, and Souris 
lactations, averages of two, three, and four records, and of 100- and 200-day 
partial first lactations, were made to study the reliability of using partial or 
complete first-lactation records as the basis for early selection in Brown Swiss 
cattle. Repeatability estimates were also computed, since these values are lacking 
for the Brown Swiss breed. 

DATA AND METHODS 


The data consisted of 8,413 lactation records of not less than 200 or more 
than 305 days in length from 38 Brown Swiss herds in Wisconsin. These herds 
had been on HIR test for five or more consecutive years between 1936 and 1957. 
Original monthly entries were obtained from the Brown Swiss Cattle Breeders 
Association at Beloit, Wisconsin, and converted to punched ecards. The 305-, 200-, 
and 100-day records were computed according to regular DHIA procedure and 
converted to a mature-equivalent, 2X basis, using the Brown Swiss factors of 
Kendrick (15). Only those cows having first-lactation records beginning at 36 
mo. of age or less were used in the study. There were 1,764, 1,245, 844, and 560 
cows having first, second, third, and fourth records, respectively. 

Daughters and dams were paired according to each of their first four lacta- 
tions. The records of dams having more than one daughter were repeated for 
each daughter. Heritability estimates for milk, fat, and percentage of fat were 
obtained by doubling the intrasire regression of daughter on dam. Repeat- 
abilities were computed as intra-class correlations (14,17, 26) by using variance 
components from the analysis of variance. Only the sires having at least two 
daughters with four records each were used in determining repeatability. A 
total of 1,760 records, 440 cows and 87 sires, met these requirements. 


RESULTS AND DISCUSSION 


The averages and standard deviations for milk, fat, and percentage of fat 
for each of the lactation groups of dams and daughters are shown in Table 1. 
A general appraisal of the means and standard deviations in all first-record cows 
vs. first-record cows held for later records indicates that these pairs have been 
subjected to a limited amount of selection for milk and butterfat yield. It is 
apparent that some culling had occurred in these herds before the fourth and 
fifth lactation. 

The heritability estimates for the various records are shown in Table 2. The 
lactation groups include (a) all first records of which there were 646 daughter- 
dam pairs involving first records,(b) cows with two records (382 daughter-dam 
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TABLE 2 
Heritability estimates of first, second, third, and fourth records and of averages of records 
Heritability 
Percentage of 
Lactation * Milk Butterfat butterfat 
All first records ‘ 0.42** 0.37** 0.80** 
Cows with two records 
First record 0.26* 0.28* 0.55** 
Second record 0.30** 0.38** 0.69** 
Cows with three records 
First record 0.33* 0.35* 0.62** 
Second record 0.22 0.22 0.80** 
Third reeord 0.33* 0.16 0.70** 
Cows with four records 
First record 0.42* 0.47* 0.53** 
Second record —0.10 —0.07 2.35** 
Third reeord 0.11 —0.09 0.75** 
Fourth record 0.58** 0.50* GQ7zi"* 
Averages of records of both daughter and dam 
Frist two records 0.36** 0.39** 0.68** 
First three records 0.387°* 0.25** 0.86** 
First four records 0.40* 0.32 0.87** 
First record of daughter and average of: 
First two records of dam 0.34** 0.35** 0.68** 
First three records of dam 0.42** 0.36* oa 
First four records of dam 0.50* 0.56* 0.78** 








“There were 646 daughter-dam pairs with one record; 382 pairs with two records; 210 
pairs with three records, and 104 pairs with four records. 

* Significant at the 5% level of probability. 

** Significant at the 1% level of probability. 


pairs), (¢) cows with three records (210 daughter-dam pairs), (d) cows with 
four records (104 daughter-dam pairs), (e) average of the first two, three, and 
four records of both daughters and dams, and (f) the first records of daughters 
and the average of the first two, three, and four records of dams. 

Using all first-record pairs, heritability estimates of 0.42, 0.37, and 0.80 were 
obtained for milk, fat, and percentage of fat, respectively. The corresponding 
regression coefficients and standard errors were 0.211 + .041, 0.188 + .048, and 
0.402 + .037. These estimates were, with few exceptions, greater than those 
found using any other single record or average of records, and are in general 
agreement with the work by Johansson (12) and Rendel et al. (23). Consider- 
able variation and rather high standard errors (0.05 to 0.10) were found among 
records in the three and four lactation groups where the number of daughter-dam 
pairs was small. This was evident among the 104 daughter-dam pairs having four 
or more records, where heritability estimates involving second records were 
—0.10, —0.07, and 2.35 for milk, fat, and percentage of fat, respectively. It is 
apparent that these estimates were subject to large sampling errors. Heritability 
estimates based on first records were lower among cows with two records than 
among cows with one, three, or four records. Similarly, estimates based on 
second records were higher than those based on first records among cows with 


two records. However, when cows with three or four records were considered. 
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first records yielded considerably higher heritabilities for milk and butterfat pro- 
duction than where second records were used. 

The intrasire regressions and heritability estimates for 305-, 200-, and 100- 
day production for 646 first-record cows are shown in Table 3. The difference 
between the various regression coefficients for milk and fat are not significant. 
For percentage of fat, the difference between the 305- and 100-day regression is 
highly significant, whereas the 305- vs. 200- and 200- vs. 100-day regressions are 
not significant. These results are in general agreement with those of Madden et 
el. (20) and Rendel et al. (23), in that heritabilities based on 305-day milk and 
fat records are slightly higher than those based on lactations of shorter durations. 


TABLE 3 
Intrasire regressions (b) and heritabilities (h°) of 100-day, 200-day, and 305-day 
producticn for 646 first-lactation daughter-dam pairs 


Length Milk Butterfat Test 
of 
record b h* b h? b h? 
100 days 0.151 + .041 0.30 0.156 + .043 0.31 0.222 + .042 0.44 
200 days 0.179 + .041 0.36 0.158 + .042 0.32 0.318 + .039 0.63 
+ 


305 days 0.211 + .041 0.42 0.188 + .043 0.37 0.402 + .037 0.80 

Repeatability estimates were determined, using the first four 305-day records 
of 440 cows sired by 87 bulls in 29 herds. These estimates were 0.47 for milk, 
0.45 for fat, and 0.68 for percentage of fat, and are in general agreement with 
those reported by many workers using other breeds of dairy cattle. For milk 
yield the herd component comprised 25% of the total variance, sires 14%, and 
cows in sires 21%, leaving a residual component of 40%. The corresponding 
values for fat yield and percentage of fat were 24, 18, 17, 41 and 10, 8, 53, and 
29%, respectively. 

Heritability estimates obtained by doubling the intrasire regression of daugh- 
ter on dam, and reported for various breeds of dairy cattle in the United States, 
are in the order of 0.20 to 0.40 for milk, 0.20 to 0.35 for fat, and 0.35 to 0.75 for 
percentage of fat. While the heritability estimates found in this study of Brown 
Swiss cattle are slightly higher, most of the estimates previously reported fall 
within the lower range of the fiducial limits reported here. It is doubtful if 
interherd variation had an important influence on these heritability estimates 
which were obtained on an intra-sire basis. Artificial breeding was not practiced 
in these herds and 85, 11, and 4% of the sires involved were represented in only 
one, two, and three herds, respectively. 

It is concluded that under the environmental conditions prevailing in Brown 
Swiss herds on Herd Improvement Registry in Wisconsin, the effectiveness of 
selection and genetic improvement of production traits is similar to that in other 
dairy breeds. The moderately high repeatabilities (milk = 0.47, fat = 0.45, and 
percentage of fat = 0.68) and the heritabilities using first records (milk = 0.42, 
fat = 0.37, and percentage of fat = 0.80) indicate that culling can be effective 
after the first lactation. Mass selection based on partial first records of 100 or 
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200 days in length will be almost as effective in improving milk and fat yield as 
selection based on the complete 305-day first-lactation record. In the selection 
for percentage of fat, partial records will be considerably less effective than the 
complete 305-day first-lactation record. 


(21) 


(22) 
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CRAMPY OR PROGRESSIVE POSTERIOR PARALYSIS IN 
MATURE CATTLE ? ? 


R. B. BECKER,’ C. J. WILCOX,’ ann W. R. PRITCHARD * 


Department of Dairy Science, Florida Agricultural Experiment Station, Gainesville 


SUMMARY 


Records from 12,387 dairy bulls of five breeds, and 448 beef bulls of four breeds, 
were studied to establish the frequency and age at occurrence of the crampy condition, 
and to determine if evidence of genetic influence existed. The 323 dairy and ten beef 
bulls which were affected represented all nine breeds. Chi-square analysis showed that 
the frequency of occurrence differed significantly (P < 0.01) among the dairy breeds. 
Death or last effective service of affected bulls occurred at a mean age of 10.02 + 2.49 
yr. Numerous familial relationships were demonstrated; differences in frequency of 
oceurrence in sire groups, and in lines and line-crosses, were significant (P < 0.04 and 
P < 0.01, respectively). Thus, a genetic background of the condition was indicated 
strongly. Although multiple gene inheritance was not discounted, inheritance was sug- 
gested as a single recessive factor with incomplete penetrance. 





A syndrome characterized by intermittent spastic coutraction of the muscles 
of the rear legs and back cf mature cattle of both sexes has been recognized for 
some years. It has been called crampy (krampfigkeit), neuromuscular spas- 
ticity, posterior paralysis, progressive posterior paralysis, spastic syndrome, 
stretches, and other names. The cause of this syndrome has not been established ; 
however, a familial pattern of occurrence has been reported. Crampy has 
shortened the useful lives of numerous bulls and cows. 

Crampy occurs in otherwise normal adult cattle. Symptoms become evident 
when animals are three or more years of age and usually are mild for the first 
few years. The earliest signs are slight muscle spasms which appear when ani- 
mals arise, back up, or move suddenly. As the condition progresses the muscles 
of one or both rear legs go into spasmodic contractions that last for a few seconds 
to several minutes. Animals often extend or flex their legs, one at a time, during 
these episodes. When both rear legs are affected, they remain on the ground 
and are extended backward during an attack; hence, the term stretches. The 
condition becomes progressively more severe over a period of months or years 
until the muscles over the back, and eventually much of the body, are involved. 
Because physical activity is necessary to induce an attack, animals affected 
severely usually remain recumbent. Animals in the advanced stages have 
reduced value. 

Roberts (4) observed or assembled reports of 65 cases, 33 bulls and 32 cows. 
Affected cattle included two full brothers, two half-brothers, three sons of the 
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same bull, and a three-generation group of females. Five breeds were involved. 
Previously, Wirth and Diernhofer (6) stated that the syndrome might be deter- 
mined by genetic factors. 

Frauchiger and Hofmann (3) were unable to demonstrate histological 
changes in the central nervous system of mature cattle affected with kramp- 
figkeit. Roberts (4) postulated that the condition resulted from a derangement 
of the postural reflex mechanism. 

The objectives of this investigation were to establish the frequency of the 
condition in a population of bulls used in natural and artificial service, and to 
evaluate a possible genetic influence upon the occurrence. 


EXPERIMENTAL PROCEDURE 

A study of useful tenure and reasons for disposal of bulls from natural and 
artificial service has been under way for som years (1, 2). Records were 
accumulated mainly by direet correspondence with owners, managers, and 
herdsmen. Reasons for disposal were available for 12,387 dairy and 448 beef 
bulls, as well as the ages at death or last effective natural service or semen 
collection. 

Five-generation pedigrees were compiled on affected members of the five 
dairy breeds, and familial relationships established. Standard statistical tech- 
niques (5) were applied where appropriate. 

Animals were considered crampy if the reason for disposal was listed as 
crampy or one of its previously mentioned synonyms. Other conditions which 
might have been crampy, but which were excluded: unable to mount, unable 
to stand up on hind legs, and refused to serve. Paralysis alone was not con- 
sidered crampy, since it could follow a stroke caused by an embolism in the 
brain; similarly, injury of a peripheral nerve that interfered suddenly with 
control of a part of the body was not considered. Some diagnoses of rheuma- 
tism and gradual loss of use of the hind quarters were accepted. , Estimates of 
frequency of crampy would, thus, doubtless be somewhat conservative. 


RESULTS 

Frequency of occurrence. Some 323 dairy and ten beef bulls died or were 
removed because of crampy (Table 1). These bulls were removed from service 
at a mean age of 10.02 + 2.49 yr., with a range of 3 to 16 yr. Affected bulls 
comprised 2.6% of the total population. Among the five dairy breeds, fre- 
queney ranged from 1.9 to 3.9%. Chi-square analysis showed that frequency 
of occurrence differed highly significantly (P < 0.01) among breeds in the 
records. 

Pedigree study. Familial relationships were determined from the pedigrees 
of affected bulls. Many of the related individuals were in widely separated 
parts of the country, in natural or artificial service, and under what was as- 
sumed to be good or excellent management. From one to eight sons of certain 
bulls were affected; a number of dams had two sons affected, some in different 


herds. 
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TABLE 1 
Age at death or disposal of crampy dairy bulls 
Holstein- 
Ayrshire Brown Swiss Guernsey Friesian Jersey 
Total removed * 
1,232 803 3,166 4,145 3,041 
Years Number removed for crampy 
3 1 
+ 1 1 4 1 
5 2 5 1 
6 2 1 2 11 4 
7 5 1 6 17 3 
8 4 8 16 1 
9 5 3 9 27 11 
10 10 3 10 22 10 
1] 9 2 10 17 9 
12 + 4 8 15 
13 3 1 3 5 2 
14 1 2 2 2 
15 1 1 2 
16 2 3 
Total 48 16 60 147 52 
Percentage 3.9 2.0 1.9 3.5 1.7 








“Total number of dairy bulls over 3% yr. at disposal was 12,387, with 323 removed or 


died when crampy. 


One Ayrshire bull had seven crampy sons from a total of 29. The affected 
animals were 7 to nearly 16 yr. old at disposal or death. The remaining 22 sons 
were not reported as crampy at disposal, nor was the bull himself. Of the seven 
crampy sons, one was inbred, and another was out of the sire’s paternal sister. 
Six of the seven sons traced through their dams to a common sire in the first, 
second, or third generation. Other affected descendants of this ancestor included 
four grandsons, a great-grandson, a double-great-grandson, a triple-great-grand- 
son, and five great-great-grandsons. In another line, an Ayrshire bull had a 
erampy son, a crampy grandson, and the latter in turn had a crampy son. The 
last had a maternal brother affected likewise. 

The 16 Brown Swiss bulls reported as crampy had the following pedigree 
relationships: (a) two were paternal brothers; (b) two were sired by full 
brothers; (c) a bull and his son were affected; (d) a bull and his grandson were 
affected, and (e) a bull and three-great-grandsons were afflicted. 

A Guernsey bull left service at 10.6 yr. because * an injury to a stifle; his 
sire was removed at 9.1 yr. for stiff hind legs. Thre sons of the first bull were 
discarded at 11.0 to 14.9 yr. for acute rheumatism, a twisted stifle and crampy, 
respectively. A grandson lost use of his hind legs at 12.4 yr.; another was 
slaughtered at 10.9 yr. for a back injury, and a third at 11.3 yr. for crampy. 
Two great-grandsons, themselves three-quarter brothers, were disposed of for 
erampy at 7.2 and 11.6 yr. Nine other more distantly related descendants trac- 
ing one to four times to the original bull were slaughtered at 7.7 to 11.1 yr. 
for crampy. In this line there were four successive generations of crampy bulls. 

Among other Guernsey lines, there were two instances in which a bull, his 
grandsire, and two great-grandsires were crampy as well as a double-great-grand- 
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sire. These animals were removed at 6.3 to 13.5 yr. In another case, a bull, his 
sire, double-grandsire, and double-great-grandsire all were crampy. 

Eight sons and nine grandsons of a popular Holstein bull were crampy. 
Another Holstein bull had eight sons and 14 grandsons that were crampy. Two 
of these affected sons were full brothers. Yet, other sons and grandsons left 
service for several different reasons other than crampy at 5 to 16 yr. Another 
outstanding bull lost the use of his left hind leg at 10.3 yr. His crampy descend- 
ants included a son, two grandsons, and four great-grandsons, of which two 
were full brothers and two others were three-quarter brothers. The dam of the 
two crampy full brothers was herself crampy. Another bull was himself re- 
moved for rheumatism in the hind legs at 8.6 yr.; one grandsire went out for 
paralysis in the rear quarters and the other for rheumatism. These were 
owners’ statements. 

In a different Holstein line, one bull was apparently normal, having left 
the herd because of old age at 14.7 yr. His sire had been removed at 14.0 yr. 
for an injury to a hind leg. The son, in turn, sired one affected bull, as well 
as having two affected grandsons and three great-grandsons. Two of the latter 
were fifteen-sixteenths brothers. One bull, his sire, and both grandsires went 
out of use because of the spastic condition, failure of the hind quarters, or 
paralysis, according to the statements of the respective owners. Two of these 
were full brothers. A bull, his son, and several of the daughters of each were 
ecrampy in an institutional dairy herd. A group of crampy Holsteins included 
a cow, her two sons, and a grandson. Her mates were closely related bulls; one 
died of unknown cause at 3 yr. and the other was reported to have an injured 
leg at 11.8 yr. 

The following family relationships existed among afflicted Jersey bulls. An 
affected male had the following affected descendants: three sons, two grandsons, 
and six great-grandsons. One of the latter was a double-great-grandson. An- 
other living great-grandson has been crampy since he was 4 yr. old. Three of 
the great-grandsons died in widely separated parts of the country, ‘and the living 
erampy great-grandson ; all were three-quarter brothers. In another line, a bull 
and son were affected ; in another, a bull, grandson, and a great-grandson were 
erampy. Still another Jersey, which left a well-managed herd for a ‘‘mineral 
deficiency,’’ had a grandson and two great-grandsons which were crampy at 
disposal when 6 to 12 yr. old. 

Other breeds. Of 251 Milking Shorthorn bulls, crampy individuals included 
one each at 6, 8, and 9 yr. old. One crampy Angus bull out of 91 animals went 
out at 10 yr. old. A 6-yr. and an 11-yr.-old Beef Shorthorn were eliminated 
among the 32 of this breed. Two Herefords were crampy at 3 yr., and one each 
at 8 and 9 yr., among 74 animals. This was 2.2% of the 448 beef and dual- 
purpose animals. 

Frequency in sire groups and lines. Pedigree study enabled the grouping of 
normal and affected bulls into sire groups (paternal half-sibs to full sibs). 
Where closely related bulls oceurred, they were grouped into lines. Where 
members of a line were crossed with unrelated females, the sons were designated 
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TABLE 2 
Frequency and distribution of crampy sons among sire-groups and among lines and line-crosses 
Total No. Number of Degrees of 
Breed of sons * erampy sons freedom Chi-square 





Among sire-groups 


Holstein 183 26 20 26.9 
Guernsey 183 10 25 36.0 
Combined 366 36 45 62.8” 


Among lines and line-crosses 


Holstein 235 35 18 33.1 
Guernseys 257 17 22 33.8 
Combined 492 52 40 66.9 * 


“In groups of four or more. 
"P< 0.04. 
*P < 0.01. 


as a line-cross. The requirement was added that a sire group, or a line or line- 
eross, must have consisted of at least four individuals. Only Guernsey and Hol- 
stein bulls past 5 yr. old were included in the chi-square analysis. 

As shown in Table 2, 366 males representing 47 sire groups and 492 males 
of 42 lines and line-crosses were utilized. It was assumed that if crampy were 
due to nongenetic factors it would occur in these categories in a random fashion. 
Chi-square analysis showed that this hypothesis was rejected at the 4 and 1% 
levels, respectively. Besides the frequencies of affected animals mentioned 
previously, additional groups were relatively free of the condition. Among sire 
groups the following extremes were noted: zero of 18 sons and zero of 19 sons; 
among line-crosses: zero of 19 and one of 61 sons. 


DISCUSSION 

Evidence of genetic influence on crampy appears almost conclusive. Fre- 
quencies of the condition in the five dairy breeds differed significantly ; crampy 
occurred in cattle within closely bred family lines and did not occur in other 
closely bred but unrelated lines. The character developed in animals where 
both sire and dam were affected. Familial relationships, although not convine- 
ing individually, seem too numerous to be discounted. 

Perhaps the exact mode of inheritance may never be learned. It is entirely 
possible that multiple gene inheritance may be involved, with the condition 
inherited in the manner of many quantitative characteristics. However, the 
condition may be inherited as a qualitative characteristic. There were numerous 
instances from pedigree analysis that followed the pattern of that of recessive 
red hair-color. The manifestation of crampy may be attributable to incomplete 
penetrance. 

The condition is neither sex-limited nor sex-linked. It occurred in bulls and 


cows, as well as in first-generation progeny of affected animals of either sex. It 
is not dominant in character, since it frequently skipped generations in ex- 
pressing itself. If it were assumed that crampy was inherited as a simple re- 
cessive, then its gene frequency would be about 16.2%, with 2.6% of the geno- 
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type homozygous recessive (crampy), 27.1% heterozygous (or carriers), and 
70.3% homozygous dominant, or free from the gene. Incomplete penetrance 
would necessarily make this estimate of gene frequency low, since many animals 
doubtless left the herds before the condition was recognized, and thus were 
assumed free. These suppositions do not preclude the possibility that polygenic 
inheritance may be involved. 

The average age at disposal (10.02 yr.) was higher than the over-all age of 
disposal of the desirable bulls from artificial service (1, 2). Affected animals 
were discarded as young as 3 yr., however, and some bulls transmitting high 
milk production would have been kept longer, had it been possible. 

In the past, some crampy bulls have been used in the advanced stages, being 
treated with pain-relieving drugs and collected sometimes with electro-ejacu- 
lators when unable to mount. This indicated esteem of these individuals be- 
cause of desirable characteristics. The popularity of their respective progeny 
indicated regard for their ability to transmit milk and butterfat production. 
The crampy condition is distributed widely enough and is of sufficient impor- 
tance in shortening the useful lives of some dairy animals that some consideration 
should be given when breeding to known affected bulls. Breeders may wish to 
consider crampy when selecting future herd sires, should their ancestry be 
known as carriers. 
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LEVELS OF DEOXYRIBONUCLEIC ACID IN BOVINE 
SPERMATOZOA AND THEIR RELATIONSHIP 
TO FERTILITY ?* 
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Department of Dairy Science, University of Kentucky, Lexington 


SUMMARY 


The chemical determination of DNA in 71 ejaculates of 17 bulls indicated that on 
the average, one billion spermatozoa contain about 2.95 + 0.17 mg. of DNA. Data on 
34 ejaculates of ten bulls revealed an over-all correlation of 0.20 (not significant) be- 
tween DNA level and fertility. On an among-bull basis, the correlation was —0.35 (not 
significant) and among ejaculates, within bulls, it was 0.43 (P < 0.05). A study of ten 
ejaculates from two bulls indicated a nonsignificant decline of 3% of DNA content 
during storage of raw semen at room temperature. Ne decline was observed at 5° C. 
Data from 20 ejaculates indicated that both high and low levels of DNA were associated 
with increased percentages of delayed returns to heat after service. Uterine and oviduct 
luminal fluids of slaughtered cows contained 4-6 mg. of DNA per milliliter. This is 
probably derived from epithelial cell nuclei. 





Many semen evaluation techniques based on concentration of spermatozoa, 
motility, morphology, and various measures of metabolism have been tested and 
found to have rather limited value in predicting fertility of relatively normal 
semen (10). The recent work by Leuchtenberger (8) regarding the relation of 
DNA (deoxyribonucleic acid) in sperm cells to fertility in men and bulls is of 
interest. She reported that spermatozoa of infertile males showed marked varia- 
tions in DNA content with average levels being significantly lower than for 
fertile males. The low and high levels appeared to originate in the spermato- 
gonia, since the ratio of 4:2:1 for DNA levels in primary spermatocytes, sec- 
ondary spermatocytes, and spermatids remained the same even when gross 
amounts were abnormal. 

Cells undergoing growth and mitosis undoubtedly possess the necessary sub- 
strates and enzyme systems for the synthesis of DNA. In nongrowing cells, 
the metabolic turnover of DNA is presumably very slow (5). Since mature 
spermatozoa are apparently incapable of growth and mitosis, it seems likely 
that the prerequisites for DNA synthesis are lacking (perhaps the migration 
of mitochondria to the mid-piece area removes the source of oxidative chemical 
energy from the sperm head proper). It would also seem likely that any net 
degradation of sperm DNA would result in mutation-like changes, some of 
which might be lethal to resulting embryos. The cooling of semen might be an 
important factor in reducing the already slow rate of DNA degradation. Salis- 
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bury et al. (11) have reported that the proportion of delayed returns increased 
as age of the semen increased. This would seem to indicate that embryonic 
mortality increases with aging of semen. Salisbury et al. (12) also reported a 
marked decrease in the apparent DNA content of spermatozoa during storage 
for two to ten days in yolk-citrate at 5° C. In addition, several reports by 
Blandau et al. (2, 3, 13) have indicated that embryonic mortality increases 
with aging of eggs prior to fertilization. 

The following study was undertaken for the purpose of determining (a) if 
fertility of sperm is related to their DNA content, (b) if there is a decline in 
the DNA content of sperm during storage, and (c) if DNA level of sperm has 
any relation to embryonic mortality as reflected in the proportion of delayed 
returns to service. 

EXPERIMENTAL PROCEDURE 

The procedure for determination of DNA was a slight modification of the 
Schmidt-Thannhauser method (6). One-milliliter aliquots of semen of known 
spermatozoan concentration were mixed with 10 ml. of a 3% sodium hydroxide 
solution and incubated at 37° C. for 24 hr. Then a 5-ml. aliquot was treated 
with 1 ml. of 6 N HCl and 5 ml. of 5% trichloracetic acid. The mixture was 
then centrifuged for 5 min. The supernatant liquid was discarded and the 
residue was resuspended in 5 ml. of 5% trichloracetic acid. This mixture was 
then heated to 90° C. in a water bath for 15 min. After cooling, the mixture 
was centrifuged and the supernatant retained. The residue (protein) was 
washed with 2.5 ml. of 5% TCA, centrifuged, and the supernatant retained. 
The combined supernatants contained the DNA, which was estimated by deter- 
mining deoxyribose according to the method of Dische (4), or by determining 
phosphate according to the method of Fiske and Subbarow (7). For purposes of 
calculation, DNA was considered to be 40% deoxyribose and 9.89% phosphorus. 


RESULTS 

Determinations of DNA were made on aliquots of 71 ejaculates from 17 
bulls which were being routinely used for artificial insemination service. The 
average content of DNA was found to be 2.95 + 0.17 mg. per billion sperm, 
with a range of 1.77 to 4.77 mg. This level is somewhat lower than the 3.3 mg. 
per billion sperm reported by Bhargava et al. (1) and Vendrely and Vendrely 
(14). Fertility data were available for 34 ejaculates of ten bulls in which each 
ejaculate was used to breed 30 or more cows (average 67). The over-all corre- 
lation coefficient between fertility and DNA level was 0.20 (not significant), 
whereas that among ejaculates within bulls was 0.48 (P < 0.05). On the other 
hand, the correlation coefficient between fertility and DNA level on an among 
bull basis was —0.35 (not significant). Thus, it appears that certain bulls may 
have a detrimental excess of DNA in their sperm cells. However, within the 
levels characteristic of bulls, it appears that certain ejaculates may show a 
detrimental decline in DNA content. Whether this is associated with losses of 
DNA during maturation or aging of sperm in the male organs could not be 
determined from this study. 
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Ten ejaculates from two bulls were used to determine whether there is a de- 
tectable decline in the DNA content of spermatozoa during storage of the raw 
semen (with antibiotics added) for 72 hr. at either room temperature or at 5° C. 
There was a statistically nonsignificant decline of 3% in DNA eontent at room 
temperature, but no decline during storage at 5° C. 

Assuming that the decline in fertility between 30-60 and 60-90 day non- 
returns is proportional to embryonic mortality, data from 20 ejaculates, each 
used to breed 30 or more cows (average 72), indicated that both high and low 
levels of DNA might tend to increase embryonic mortality. The average decline 
in percentage nonreturns between 30-60 and 60-90 days was about five to eight 
percentage units for three ejaculates containing less than 2.25 mg. DNA per 
billion sperm and for 11 ejaculates containing 3.00 mg. or more of DNA per 
billion sperm. However, for five ejaculates containing 2.25 to 2.99 mg., the 
average decline in nonreturns was only 2.1 percentage units. 


DISCUSSION 
While the present data are somewhat restricted in volume and many of the 
trends were not statistically significant, the indications are certainly interesting 
and the problem is deserving of further study. As a sidelight of the present 
study, determinations of DNA were made on five samples of uterine and oviduct 
luminal fluids from slaughtered cows. It was found that these fluids contained 
4-6 mg. of DNA per milliliter, which is about twice the concentration found in 
semen. This was not surprising in view of the large number of epithelial cell 
nuclei reported in these fluids by Olds and VanDemark (9). It would seem 
likely that this DNA (or its breakdown products) might be utilized by cleaving 
ova and developing embryos, since each mitotic division requires a preliminary 
doubling of the DNA content. 
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TECHNICAL NOTES 
PHOTOMICROGRAPHS OF MILK PROTEIN PARTICLES 


Sedimentation studies have shown that some 
of the protein particles in untreated raw milks 
should be microscopically visible (1, 4). When 
milks were heated to sterilization temperatures, 
the number of larger particles increased. Sedi- 
mentation constants of as high as 38,000 xX 
10°" were obtained for concentrated skimmilks 
which were reconstituted to their normal solids 
content immediately after sterilization (3). The 
diameter of the protein particles was caleulated 


by the equation d= “> wens in which d is 
diameter in em., 7, it th in poises, s, the 
sedimentation constant, and p — p, the densi- 
ties of the particle and solution, respectively. 
The diameter was found to be 0.7 u. Microscopic 
examination confirmed the calculated size. The 
size most numerous in sterile concentrated whole 
milks had a diameter of about 2 ». Under a 
phase microscope, the particles appeared to be 
fat globules with adsorbed proteins, and the 
ealeulated difference in density between the 
particles and the solution was about 0.1. 

To study further the changes in sizes of 
protein particles, photomicrographs were made. 
A 2% agar solution was placed on a micro- 
scope slide and allowed to gel (2). About 0.001 
ml. of milk was placed on the agar film, cov- 
ered with a cover slip, and immediately placed 
under the oil immersion objective of a phase 
microscope. Satisfactory pictures were ob- 
tained with l-see. exposures on high-contrast 
copy film. Exposures of 1/125 see. on Tri-x 
film also yielded satisfactory pictures, but the 
shortest exposure possible did not stop the 
Brownian movement of individual particles 
when the milks were placed under cover slips 
on microscope slides without the agar film. 

Pictures representative of the results obtained 
are shown in Figure 1. Picture A was undi- 
luted sterile whole milk which had been stored 
at 70° F. for 30 days. The particles were simi- 
lar to, but smaller, than those found in sterile 
concentrated whole milks. Picture B shows the 
stage micrometer at the same magnification as 
all of the pictures in Figure 1. The distance 
between the centers of the marks is 10 yp. It 
appears that only one of the particles of the 
whole milk was as large as those most numerous 
in sterile concentrated whole milk. The halo 
around the particles was typical of fat particles 
under the phase microscope. Pictures C, D, E, 
F, G, and H were, respectively, centrifugally 
separated raw skimmilk, the same milk after 
preheating at 180° F. tor 4.16 see., reeonsti- 
tuted immediately after vacuum concentration, 
reconstituted after the concentrated milk had 
been sterilized at 290° F. for 2.08 see., reeon- 
stituted after storage for 14 days at 100° F., 
and sediment that settled during storage at 
100° F. Brownian movement was not stopped 





Fic. 1. Photomicrographs of: A, undiluted 
sterile whole milk after storage for 30 days at 
70° F.; B, stage micrometer at same magnifica- 
tion; C, raw skimmilk; D, skimmilk heated to 
180° F. for 4.16 see.; E, reconstituted after 
vacuum concentration; F, reconstituted after con- 
centrated skim was sterilized at 290° F. for 2.08 
see.; G, reconstituted after storage at 100° F. 
for 14 days; H, sediment during storage 100° F. 
for 14 days. 


completely and the smaller particles visible in 
pictures C, D, and E blurred the pictures. 
From pictures (Figure 1) C, D, and E it is 
evident that there was no great difference in 
the size of particles as a result of heating to 
180° F. for 4.16 see. These small differences 
correspond to the typical sedimentation curves 
for raw milk and the same milk after it had 
been heated to 180° F. (Figure 2). A great 
change in size occurred when the concentrated 
milk was heated to 290° F. for 2 see. This 
change in size corresponds to an increase in 
the sedimentation constant from approxi- 
mately 400 x 10° for raw milk (Figure 2) to 
38,000 x 10° for reconstituted sterile concen- 
trated skimmilk (Figure 3). The increase in 
the number of smaller particles (Figure 1, G) 
is shown in the sedimentation curve of the 
same milk reconstituted after storage for 13 
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Fig. 2. Sedimentation curves of raw milk and 
same milk heated 180° F. for 4.16 see. 


days at 100° F. (Figure 3). A difference not 
shown clearly in the pictures is that immedi- 
ately after processing (Figure 1, F) the indi- 
vidual protein particles showed Brownian 
movement until it was stopped on the agar 
film, whereas the milk reconstituted after 
storage (Figure 1, G) had numerous groups 
and short chains with slower Brownian move- 
ment. 

A picture of the sediment (Figure 1, H) 
which settled during storage at 100° F. for 
14 days did not show larger particles than 
those that remained in suspension in the milk. 

This photomicrographie technique can be 
useful in further studies of protein particle 
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Fig. 3. Sedimentation curves of reconstituted 
skimmilk in Figure 1, F and G. 


size and aggregation in fluid milk products. 
H. K. Witson 
AND 
E. O. Herre 
Department of Food Technology 
University of Illinois, Urbana 
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ITS DEVELOPMENT ON ALFALFA PASTURE 


AFTER INOCULATION OF EMPTY RUMINA WITH 
AUTOCLAVED OR FRESH RUMEN FLUID? 


Recent research has indicated a relationship 
between rumen microflora and bloat. It has 
been suggested that slime production by rumen 
microorganisms contributes to feed-lot bloat (7) 
and to frothy legume bloat (6). Bacteria ca- 
pable of degrading alfalfa saponin with a con- 
comitant production of slime have been isolated 
from the rumen (4). An increase in the num- 


‘Contribution No. 293, Department of Dairy 
Husbandry; No. 365, Department of Bacteriology, 
Kansas Agricultural Experiment Station, Man- 
hattan, Kansas. 


bers of Streptococcus bovis type streptococci 
and Peptostreptococcus elsdenit during the on- 
set of feed-lot bloat has been observed (5). 
Temporary control of bloat by antibiotics (1, 
2) further suggests an association between 
microorganisms and bloat. This investigation 
was undertaken to determine whether an ani- 
mal would bloat on legume pasture after being 
deprived of practically all its rumen microflora 
by completely emptying the rumen before pas- 
turing. 

Four sets of fistulated identical-twin dry 
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cows were pastured in early June on a succu- 
lent second-growth alfalfa pasture that pro- 
voked severe frothy bloat in a majority of other 
animals. One set of twins (Al-A2) was pas- 
tured daily and served as a control. On the 
initial day of the trial at 6 a.m. the three other 
sets (B1-B2, C1-C2, D1-D2) had their reticulo- 
rumina completely emptied and washed with 
water till the washings were clear. Four liters 
of freshly collected and strained rumen fluid 
obtained from the control pair (Al-A2) was 
introduced through the fistula into the rumen 
of one member of each twin pair (B1, C2, DI1— 
selected at random). Four liters of rumen 
fluid collected from Al and A2 was strained 
and autoclaved and then introduced into the 
rumen of the other member of each twin pair 
(B2, Cl, D2). The latter rumen fluid was 
collected the previous day and autoclaved for 
20 min. at 121° C. After treatment, the ani- 
mals were staked in pasture so that the quan- 
tity of feed consumed could be estimated. All 
four sets of twins were observed for degree of 
frothing of rumen contents at 2-hr. intervals 
during the day (1-hr. intervals during the first 
2 hr.). They were placed in dry-lot at 3 P.M. 
each day and returned to pasture at 8 A.M. the 
next day. The duration of the first experiment 
was six days. The experiment was repeated 
with the treatments reversed. 

The degree of frothing was scored, using a 
0-5 seale. A 5 maximum was given when frothy 
rumen ingesta gushed out several feet when 
the cap closing the fistula was removed. 

Rumen samples were obtained for bacterio- 
logical analyses approximately 4 hr. after the 
cows were turned into the pasture. The fol- 
lowing examinations were made: (1) a direct 
microscopic observation of gram-stained slides 
of rumen fluid diluted 1 to 10, (2) plate counts 
of aerobes able to grow on tryptone-glucose- 
yeast agar, (3) percentage of flora resembling 
lactic acid—producing types as characterized 
by reaction in litmus milk, and (4) cellulolytic 
activity of rumen contents using a test tube 
method (3). 

In both experiments all the animals con- 
sumed alfalfa pasture the first day. However, 
the feed consumption by animals inoculated 
with autoclaved rumen fluid was noticeably less 
than by those inoculated with fresh fluid. The 
latter group consumed slightly less feed than 
the control pair. By the third day no observable 
difference in feed consumption existed among 
groups. Since feed was not weighed, these ob- 
servations are empirical. 

Data in Table 1 show that the pasture was 
bloat-provoking, since the control cows (A1- 
A2) reached their maximum ability to froth 
during most days in both Experiments I and 
II. Under these conditions the cows inoculated 
with fresh rumen fluid in Experiment I did not 
produce froth the first day, but by the second 
day reached their maximum ability to froth. 
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The cows inoculated with the autoclaved fluid 
did not reach maximum ability to froth until 
the fourth day. When the treatments were 
reversed (Experiment II), the results of Ex- 
periment I were almost duplicated, with severe 
frothing occurring on the second day in cows 
inoculated with fresh fluid and no marked de- 
gree of frothing occurring in the group inocu- 
lated with autoclaved fluid until the fourth day. 
Inoeula obtained from cows 4 hr. after adding 
autoclaved fluid digested filter paper more 
slowly than inocula from cows receiving non- 
autoclaved fluid. This difference generally dis- 
appeared after one day. Also, cellulolytie aec- 
tivity of rumen fluid from both groups of 
inoculated cows was less than that of the con- 
trols during the first day of the experiments, 
but after two days it almost equalled that of 
the controls. Inocula from bloated animals 
digested filter paper more slowly than did 
inocula from nonbloated animals. 

At the start of each experiment rumen sam- 
ples from animals receiving autoclaved fluid 
had higher aerobic counts than those receiving 
nonautoclaved fluid. With the appearance of 
bloat on the third day (in animals receiving 
autoclaved fluid) aerobic counts diminished. 
Throughout Experiment I there was no marked 
difference in the percentage of lactic-type or- 
ganisms in rumen fluid between cows receiving 
autoclaved and those receiving nonautoclaved 
fluid. Throughout Experiment IT the percentage 
of lactic-types was higher in the rumen fluid 
of animals receiving autoclaved fluid. Direet 
microscopic examination of gram-stained slides 
of rumen fluid showed no consistent differences 
in numbers or types among groups, although 
there were variations between samples. The 
original autoclaved rumen fluid had approxi- 
mately the same number and morphological 
types of stained bacterial cells as fresh rumen 
fluid. Presumably, the dead organisms, at least 
in early samples, complicated efforts to evalu- 
ate the flora nricroscopically. However, as the 
experiments progressed the organisms tended 
to be present in clumps and masses. This con- 
dition seemed to be associated with the more 
viscous rumen samples and suggested the pres- 
ence of a gelatinous-like material. However, 
it was not particularly correlated with bloat. 
It was more difficult to obtain good staining of 
such preparations than of those from less vis- 
cous samples showing less clumping of bacteria. 
It was later noticed that this clumping was 
much less when cows consumed alfalfa hay 
rather than alfalfa pasture. 

Results of the present study may be inter- 
preted as follows: (1) Cows deprived of prac- 
tically all their rumen microflora can consume 
normal quantities of alfalfa pasture by the 
third day and (2) can bloat by the fourth day. 
It might be conjectured that an animal devoid 
of rumen flora develops a functional fiora from 
its feed in a few days. These results also sug- 
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DODD 
‘TABLE 1 
Effect on frothy bloat of inoculation of empty rumina of identical twin cows with either 
autoclaved or fresh rumen fluid “ 
Maximum degree of frothing” 
Autoelaved fluid Fresh fluid Control 
Cow No. Cow No. Cow No. 
Date B2 Cl D2 Av. Bl C2 D1 Av Al A2 Av. 
Experiment | 
6-3 0 6 0 0 0 0 0 0 5 5 5.0 
6-4 0 0 2 0.7 2 + 5 3.7 5 5 5.0 
6-5 2 0 2 1.3 2 3 3 2.7 5 5 5.0 
6-6 5 2 5 4.0) 0 5 2 2.3 5 3 4.0 
6-7 + 4 2 3.3 0 4 0 1.3 3 0 1.5 
6-8 3 2 5 3.3 3 5 0 oF a 5 5.0 
Experiment I] 
Cow No. Cow No. Cow No. 
Bl C2 D1 Av. B2 Cl D2 Av Al A2 Av. 
6-9 0 0 0 0 0 0 0 0 5 5 5.0 
6-10 0 0 0 0 5 5 5 5.0 3 3 3.0 
6-11 1 1 0 0.7 5 5 5 5.0 5 5 5.0 
6-12 4 2 3 3.0 5 5 5 5.0 5 5 5.0 
6-138 5 2 5 4.0 5 3 2 3.3 2 2 2.0 
6-14 5 5 5 5.0 4 3 4 Sy 3 3.5 
“Four liters of strained autoclaved or strained fresh rumen fluid on first day of each 
experiment. 
> Maximum degree of frothing observed during the day, based on rating from 0 (no froth) 
to 5 (severe froth). 
vest that microflora are involved in bloat and REFERENCES 
that bloat is not the result of simple physical (1) Barrentine, B. F., SHawver, C. B., AND 


breakdown of feed, since the cows did not reach 
maximum bloat proportions during the second 
or third day, even though consuming almost 


optimum amounts of bloat-producing feed. (2) 
Further association of the rumen microflora 
and bloat is suggested by reactions of the group 
of cows receiving autoclaved fluid differing 
from those receiving fresh fluid. The cows in 
the latter group bloated sooner, perhaps be- (3) 
cause bloat depends on establishing a certain 
concentration of microorganisms. The reduced 
cellulolytic activity of the rumen fluid plus 4) 
higher aerobic counts during the first day in (4) 
the group receiving autoclaved fluid supports 
such a hypothesis. 
B. E. Barriey (5) 
T. J. Cuaypon 
L. R. Fina 
C. Hay 
I. S. Yapava 
Departments of Dairy (6) 
Husbandry and Bacteriology 
Kansas State University 
Manhattan, Kansas (7) 
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CONVERSION OF CAROTENE 


In conducting studies dealing with vitamin A 
nutrition of calves, it is desirable to have a 
source of the provitamin, carotene, which is 
not only concentrated and stable but also rela- 
tively free of other nutrients. The recent de- 
velopment (2) of a dry stabilized form in 
which carotene is incorporated into water-dis- 
persible gelatin beadlets appeared to meet these 
requirements. Therefore, the present study was 
undertaken to determine the conversion to vita- 
min A of this source of carotene and to com- 
pare it with that from alfalfa. Alfalfa was used 
as a standard of comparison, since to date it 
has been employed in many of the vitamin A 
nutrition experiments undertaken at this Sta- 
tion. 

Four Guernsey and 12 Holstein one-day-old 
male calves were obtained during March-May, 
1959, from various Connecticut state institu- 
tion herds, placed in individual sawdust-bedded 
tie-stalls, and raised to 63 days of age essen- 
tially as previously described (4). On the 64th 
day of age, each calf was fed a vitamin A de- 
pletion ration (4) at a level of intake to provide 
an anticipated seven-day increase in live weight 
of 10 lb. When the blood plasma vitamin A 
concentration had decreased to equal to or less 
than 12 y per 100 ml., each calf (average age 
was 73 +4 days) was then fed after a seven- 
day period, one of two carotene intakes, 48 or 
240 y per pound of live weight per day, from 
one of two sourees, artificially dehydrated al- 
falfa leaf meal or water-dispersible gelatin 
beadlets (Hoffmann-La Roche dry §-carotene 
beadlets, Lots No. 026 and 035, guaranteed to 
contain 2.4% B-carotene, dissolved in vegetable 
oil and dispersed in a gelatin-sugar-starch ma- 
trix with added food grade antioxidants). The 
first four calves of a breed to arrive at the 
research barn were assigned to a particular 
level of carotene intake and source according 
to a previous random allotment. This pro- 
cedure was repeated until four blocks (one 
Guernsey and three Holstein) of four calves 
each were obtained. After 12 wk. of carotene 
supplementation (comparison period), calves 
were slaughtered. 

Other procedures of this experiment, as well 
as observations and analyses, were essentially 
the same as those of a previous study (4). An 
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FROM ALFALFA AND FROM 
WATER-DISPERSIBLE GELATIN BEADLETS TO 
VITAMIN A BY CALVES! 


exception was the feeding, first in the morning, 
of the carotene supplement made up to 1.0 lb. 
with approximately 600 ml. of water, followed 
by feeding the remainder of the vitamin A 
depletion ration allowance after each calf had 
consumed the initial amount. Average minimum 
and maximum temperatures during the caro- 
tene supplementation period were, respectively, 
65.3 + 0.4° F. and 77.5 + 0.4°F. Average 
light intensity during this same period with in- 
candescent light, restricted to 12 hr. daily, was 
3.2 + 0.7 foot-candles. Average carotene con- 
centrations of alfalfa (1, 4) and beadlets (2, 
5) were, respectively, 190.7 + 2.1 y per gram 
and 25,493 + 153 y per gram. The chemical 
composition of the feeds fed was essentially 
as previously reported (4) and, therefore, will 
not be included here. The analysis of variance 
of these data followed that for a randomized- 
block two-dose factorial assay. Since in a pre- 
vious study (4) an interaction in ability to 
convert carotene to vitamin A between Guern- 
sey and Holstein calves was not demonstrated, 
breed was not included as a separate source 
of variation. One calf, a Guernsey, fed the 
48-y carotene intake from alfalfa exhibited 
scours unaccompanied by elevated rectal tem- 
perature for approximately 10% of the caro- 
tene supplementation period and had quite low 
concentrations of carotenoids and vitamin A 
in the plasma and liver. Since scours decrease 
the intestinal absorption of preformed vitamin 
A (8) and, presumably, carotene, this calf’s 
data were rejected and missing values ecaleu- 
lated according to procedures for a randomized 
block design. 

During the carotene supplementation period, 
calves readily consumed their vitamin A deple- 
tion ration allowance plus carotene supplement. 
The average percentage days free of ration re- 
fusals was 99.8 (the average aresin \/ percentage 
equaled 89.6 with a standard deviation of 3.3). 





With the exception of the one calf cited above, 


scours was not a problem in this experiment, 
the average percentage days free of scours 
being 99.6 (the average aresin \/percentage 
equaled 88.8 with a standard deviation of 3.5). 
The average live weight the day prior to caro- 
tene supplementation was 162 lb. During caro- 
tene supplementation, the average daily gain 
was 1.63 lb., with a standard deviation per 
calf of 0.18. Upon statistical analysis, this 
growth criterion was found not to be affected 
either by source or by intake of carotene. 
Plasma and liver carotenoids and vitamin A 
concentrations are presented in Table 1. Calves 
fed alfalfa had consistently greater average 
concentrations of carotenoids and lower average 
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TABLE 1 


Conversion of carotene from artificially dehydrated alfalfa leaf meal (alfalfa) and from 


water-dispersible gelatin beadlets (beadlets) to vitamin A by calves 


Plasma 


Carotenoids 








vitamin A 


Adjust- 
ed*® 
Com- Com- com- 
pari- pari- pari- tone 
son son son 
peri- peri- peri- Carotenoids vitamin A 
Ini- od— Ini- od— od— a 
tial av. tial av. av. Actual Log Actual Log 
Carotene intake * — (¥/100 ml. )——— — ——(¥/100 g. wet tissue )—— 
Alfalfa 
487°” 17 33 7.3 10.2 10.3 47° 1.73 173* 2.13 
2404 22 90 7.0 18.8 19.3 158 2.19 1,225 3.03 
Beadlets 
48 + 12 24 7.4 12.0 12.0 50 1.67 213 2.29 
240 ¥ l 72 7.8 22.7 22.1 124 2.02 1,663 3.21 
Standard deviation 
per calf 4 8 1.6 2.7 1.5 0.07 0.22 
Rate of linear 
change per log y 
carotene intake 
Alfalfa + 83 +123 +129 + 0.65 + 1.28 
rid = os = ks + 0.07 + 0.23 
Beadlets +70 +153 +144 + 0.56 + 1.31 
6 = 27° = &S +0.07 +0.28 
Sources combined + 76 Tiss: isa + 0.61 + 1.30 
=. © = im = ie + 0.05 +0.16 
Relative value of 0.66 1.60 1.48 0.70 1.35 


beadlets to alfalfa 0.48-0.88" 


0.95-3.02 


1.06—2.22 0.51-0.94 0.85—-2.26 








“Per pound of live weight per day. 


>In this carotene intake group, one calf’s data were rejected because of a high incidence 
of scours and its respective values calculated according to procedures for a randomized block 


design, except as indicated in * below. 


© Standard error of the linear rate of change, Ss». 


“95% confidence limits. 


* Values adjusted by covariance for initial values obtained the day prior to carotene 


supplementation. 
* Average for three calves. 


concentrations of vitamin A than did caives 
fed the water-dispersible gelatin beadlets. In 
the last row of Table 1, the relative values of 
with vitamin A depletion ration and mixed 
the beadlets to alfalfa, as determined by par- 
allel line bioassay procedures, are given. Based 
on these data, the carotene from the beadlets 
was converted to vitamin A 1.42 times (un- 
weighted average of the ratios in Columns 5 
and 9 of Table 1) as effectively as the carotene 
from alfalfa. 

The more efficient conversion to vitamin A 
of the beadlets appears to agree with those 
data of most previous investigators, as reviewed 
by Deuel (3) and Moore (7), in that carotene 
in oil has generally been reported to be a su- 
perior source of provitamin A activity than 
vegetable sources, and aqueous dispersions or 


colloidal suspensions of carotene were more 
efficient than carotene in oil. However, excep- 
tions can be found in the literature, such as 
the study of King et al. (6), who found caro- 
tene in alfalfa more efficiently converted to 
vitamin A than carotene in oil. The greater 
concentration of carotenoids in the plasma and 
liver of the calves fed alfalfa than those of 
calves fed the beadlets was of interest. The 
determination by chromatography of the strue- 
tural forms of carotene and other carotenoid 
pigments present in the. supplement fed, par- 
ticularly the alfalfa, and the plasma and liver, 
are needed to ascertain the biological signifi- 
cance of these observations. In the meantime, 
the water-dispersible gelatin beadlets appear to 
be a useful source of §-carotene for employ- 
ment m vitamin A nutritional studies, as well 
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as those which deal with interrelationships be- 
tween carotene and other fat-soluble vitamins. 
A. P. Griro, JR. 
J. E. Rousseau, JR. 
H. D. Eaton 
D. G. GOSSLEE 
Storrs (Conn.) Agricultural 
Experiment Station, Storrs 
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OUR INDUSTRY TODAY 


TRENDS IN ULTRA-HIGH TEMPERATURE PASTEURIZATION * * 


W. M. Roperrs 
Department of Animal Industry, North Carolina State College, Raleigh 


During recent years, there has been a tend- 
ency to increase the temperature of pasteuriza- 
tion or heat treatment of many dairy products. 
Pasteurization was begun initially to make milk 
safe, and later the benefits of improved shelf- 
life became apparent. 
The standards for pas- 
teurization were con- 
trolled within narrow 
limits beeause of the ad- 
verse effects on cream- 
line and oftentimes on 
flavor. However, with 
the development and 
rapid aeceptance of ho- 
mogenized milk, it was 
no longer necessary to 
control the pasteuriza- 
tion treatment so close- 

W. M. Roberts ly. As a result, dairy 
plant operators began 
to increase the temperature and time of pas- 
teurization for homogenized milk. They found 
that there was an improvement in shelf-life, 
and that this in turn permitted handling and 
distribution practices that have resulted in 
tremendous changes in the dairy industry. Some 
of these changes are concentration of plant 
facilities, less frequent deliveries, and exten- 
sion of sales areas. 

At this point, one might ask—What is the 
goal of the industry in regard to shelf-life? 
Perhaps the ultimate in fluid milk is a steri- 
lized product that will have a shelf-life of 3 
to 6 mo. without refrigeration and a fresh 
fluid milk that will keep up to 30 days with 
refrigeration. Both of these goals are avail- 
able to the fluid milk industry today. Some 
aspects of processing and packaging have not 
been worked out on a practical basis, but the 
goals are attainable. 

In addition to the benefits of safety and ex- 
tended shelf-life, the dairy industry has used 
heat treatments to develop certain desirable 
characteristics in its products. The ice cream 
processor has believed for many years that his 
product was improved when the milk proteins 





*Contribution from the Animal Industry De- 
partment, North Carolina Agricultural Experi- 
ment Station, Raleigh, North Carolina. Published 
with the approval of the Director of Research 
as Paper No. 1207 of the Journal Series. 

* Presented to the Manufacturing Extension See- 
tion at the 55th Annual Meeting of the American 
Dairy Seience Association, June, 1960. 


were altered by heat. Buttermilk and other 
products are given a specific heat treatment, 
not only for bacterial destruction, but also be- 
cause certain body and texture characteristics 
are required. 

Burton (2) probably summarized the poten- 
tials of UHT (ultra high temperature) best 
when he pointed out that in the effective range 
of temperatures, resistant spores in milk are 
destroyed about 30 times more rapidly for 
every 10°C. (18° F.) rise in treatment tem- 
perature. Chemical changes such as color de- 
velopment take place about three times more 
rapidly for every 10° C. (18° F.) rise in tem- 
perature. This means that a higher tempera- 
ture treatment produces a greater bacterio- 
logical effect for a smaller chemical change. 
He uses the example that a treatment of 230° F. 
for 30 min. is equivalent bacteriologically to 
248° F. for 1 min. However, the chemical 
effects will be ten times less. 

These factors, along with others, explain 
why dairy plant processors are interested in 
UHT heat treatments of dairy products. 

What is ultra-high temperature pasteuriza- 
tion? Industry practice indicates that the tem- 
perature range begins between 190 and 210° F. 
and may extend to 300° F. or above. The time 
is less well defined, but may be anything less 
than 1 see. up to many seconds. 

Another term, practical or commercial steri- 
lization, should be mentioned. It refers to that 
condition whereby all of the bacterial spores 
may not be destroyed, but those that remain 
are inactive or will not grow under the ordinary 
temperatures of storage. Commercial steriliza- 
tion is usually accomplished at 285° F. for 
15 see. to 300° F. for 0.5 see. 


REGULATORY PROBLEMS 


Obviously, these treatments are far in ex- 
cess of those essential for assuring the safety 
of the finished products. This fact has been 
recognized by the U. S. Public Health Serv- 
ice (18), but general agreement has not 
been reached by all concerned as to the mini- 
mum temperature-time relationships that should 
be established to insure adequate pasteurization. 

Time does not permit an extended elabora- 
tion of the problem, but a little more discus- 
sion may help you to be aware of its magni- 
tude. Since specific regulations have not been 
developed for much of the UHT equipment, 
some dairy plants must pasteurize by accepted 
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methods and then use UHT treatments in ad- 
dition. This results in excessive equipment and 
controls. However, before standards can be 
established, agreement must be reached as to 
the basic objective(s) of the pasteurization re- 
quirement. Then, the best scientifie data can 
be used to set minimum standards. For ex- 
ample, pasteurization at 143° F. for 30 min. 
was established on the basis of scientific evi- 
dence for the thermal destruction of patho- 
genie bacteria, plus as great a margin of safety 
as possible without damaging the creamline of 
milk. This standard is applied to high fat 
products such as cream and sugar-containing 
products, such as chocolate milk. The standard 
for ice cream mix was set at 155° F. for 30 
min. beeause there was evidence to show that 
fat, sugar, and total solids levels affected bac- 
terial destruction. While it was recognized that 
this requirement was higher than it needed to 
be, it would work no hardship on the ice cream 
industry. There is no problem as long as the 
higher temperature-shorter time treatments are 
eomputed on the equivalence of these basic 
standards. However, as the industry has moved 
toward the UHT range, there has been a tend- 
ency to equilibrate the requirements with the 
more rigid standard of 155° F. for 30 min. For 
example, a direct steam injection system was 
approved as a process of pasteurization at 
194° F. for both milk and ice cream mix. A 
heat exchange system was approved at 200° F. 
with a caleulated hold of 3 sec. Both of these 
are equivalent to or higher than 155° F. for 
30 min. 

Some problems that arise if the higher stand- 
ard is applied as minimum are (1) a loss of 
flexibility of use of equipment for certain 
products such as pasteurization of milk for 
making cottage cheese, (2) possible loss of 
efficiency of heat transfer on certain types of 
equipment operated for extended periods of 
time, (3) probable damage to the quality of 
some products, and (4) increased operating 
eost because of heating to higher temperatures. 

It would seem to me that general agreement 
must be reached on the minimum requirements 
for pasteurization with adequate but not ex- 
eessive safety margins. Then, the equipment 
or processes should be tested for compliance 
with these standards. Obviously, the manu- 
faeturer would have to prove that every par- 
ticle of product received minimum treatment, 
the process had adequate controls and the de- 
sign, construction, and material features were 
satisfactory. Then it could be left primarily to 
the dairy plant operator and equipment manu- 
facturer to adapt the equipment to his particu- 
lar needs beyond the minimum requirements. 


ULTRA-HIGH TEMPERATURE EQUIPMENT 


There are several types of equipment 
whereby UHT processing can be accomplished. 
Herreid and associates (11, 12) at Illinois 


DAIRY SCIENCE 


demonstrated that a heat exchanger, a machine 
with tubes of small diameter through which 
the milk moved at high velocities, could be 
used for UHT pasteurization. The flavor score 
of the milk when heated to 300° F. was 39. 
Most commercial milk scores between 38 and 
40 on flavor, so this treatment could not be 
considered deleterious to the milk. Presumably, 
milk could be processed at lower temperatures 
in this equipment with excellent results. 

Another heat exchange unit (7, 16), ¢on- 
sisting of a hollow stainless steel core with a 
spiral giving it the resemblance of an auger, 
is being used in milk and ice cream processing. 
This spiral provides a small annular space be- 
tween the core and the cylinder, through which 
a thin film of product moves at high velocity. 
Heat supplied by steam is applied to both 
sides of the flow pass. This process has been 
approved for pasteurization at 200° F. for a 
ealeulated hold of 3 sec. Bacteria counts are 
reported to be below 500 per milliliter and 
often much lower. The equipment can be op- 
erated at higher temperatures with longer hold- 
ing times. The flavor of the finished products 
is reported to be excellent, with a shelf-life 
under normal refrigeration of 30 days or 
longer. 

Another heat exchanger (9) composed of 
two elements: “An outer jacketed shell, and 
an inner, slightly cone-shaped element with 
helical grooves having a cross section of ap- 
proximately 0.01 sq. in.” is used for sterilizing 
milk. Product moves at 23-24 ft/see in turbu- 
lent flow. Temperatures are 285° F. or higher. 
The milk is deaerated prior to the heat treat- 
ment. The finished products have been well- 
accepted on the commercial market. 

Many companies have developed and are 
experimenting with direct steam injection sys- 
tems for UHT heating. One of the most widely 
publicized is a European process known as 
Uperization (8, 15). However, most manufac- 
turers in the United States have heaters and 
auxiliary equipment whereby comparable treat- 
ments and results can be obtained. A typical 
process might be one where the milk or prod- 
uct is preheated to 165 to 190° F. in a plate 
heat exchanger, deaerated, heated by direct 
steain injection to the desired temperature, held, 
cooled by flash evaporation to approximately 
the preheating temperature, homogenized, and 
then cooled by regeneration and ice water to 
the packaging temperature. 

Some of the earlier work on rapid heat proc- 
essing of fluid foods by steam injection was 
done by Brown and associates (1) at Albany, 
California. Their primary purpose was to im- 
prove methods of processing fruit and vege- 
table products. However, the system was also 
tested on milk. 

Burton and associates (3, 4, 5, 6) in England 
have published several papers on the perform- 
ance of a UHT plate pasteurizer at sterilizing 
temperatures. The experiments were concerned 
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primarily with the efficiency of destruction of 
bacterial spores of Bacillus subtilis and Bacillus 
stearothermophilus. No data were presented 
on the quality of milk heated to 275° F. In 
fact, the bacteriological data were obtained 
mostly on water suspensions of spores. Re- 
search is under way in the United States on 
plate-type exchangers for UHT pasteurization, 
but no data have been published to my 
knowledge. 


BACTERIOLOGICAL EFFECTS 


UHT pasteurization prolongs the shelf-life 
of dairy products primarily by reducing the 
vegetative bacterial cells to such a low number 
that a longer time is required for them to in- 
crease in sufficient numbers to alter the milk. 
Also, the cells may be affected to such a degree 
that they do not reproduce as rapidly. Kauf- 
mann (14) reported that exposure of MS102 
organisms to temperatures ranging from 190 
to 205° F. altered the growth and reproductive 
processes so as to réquire a 96-hr. incubation 
period as compared with the standard 48-hr. 
period. 

Hedrick (10) pasteurized raw milk ranging 
in count from 12,400 to 434,000 per milliliter 
in a steam infusion heater. Temperatures be- 
gan at 165° F. and increased at 20-degree in- 
tervals from 180 to 300° F. The total holding 
time was caleulated to be 43.8 sec. The ap- 
proximate time at the highest temperature was 
11.2 see. Plate counts on the milk pasteurized 
at 200° F. and above ranged from 136 per 
milliliter down to 2 per milliliter. Generally, 
the counts were lower after seven days of 
storage at 40-42° F. Those samples that were 
pasteurized at 260° F. and above showed no 
measurable bacterial increase in 14 days. 

Milk processed at North Carolina State at 
20-degree intervals from 200 to 300° F. for 
approximately 2 see. kept for 30 days in glass 
bottles in a 40-degree refrigerator without de- 
tectable flavor deterioration. Other samples 
heated at 280 and 300° F. for 2 see. and stored 
in metal cans at 35 to 38° F. were of commer- 
cial quality after 24%% to 3 mo. 

Burton and associates (5, 6) studied the ef- 
fects of UHT pasteurization on spores of B. 
subtilis and B. stearothermophilus. Operating 
temperatures ranged from about 266 to 280° F. 
They reported that there is a marked inhibition 
of the germination and/or growth of B. stearo- 
thermophilus TH24 spores in whole milk treated 
by the UHT process. This inhibition was com- 
mon to spores that survived the process and to 
those that had been heat-activated. Litmus 
milk autoclaved at 248° F. did not have this 
inhibitory effect. They also reported that out 
of each million surviving spores, only about 
one germinates and grows in UHT sterilized 
milk. 

Brown and associates (1) reported that no 
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surviving organisms were found in samples of 
milk processed by steam injection at 185° F. 
for 0.4 see. and plated at 1:100 dilution. The 
original count was 25,000 organisms per milli- 
liter, some of which were viable coliform 
bacteria. 

Some experiences of dairy plants have come 
to my attention whereby heat treatments to 
195 to 205° F. resulted in milk of excellent 
shelf-life but when temperatures of 210 to 
230° F'. were used, there was a rapid deteriora- 
tion in keeping quality. In other instances, 
temperatures of 220° F. and above have been 
satisfactory. There is not sufficient information 
to explain the reasons for these differences. 
Some possible factors that may be involved 
are (1) the microflora of the milk in the dairy 
plants from different areas may be vastly dif- 
ferent, (2) the total heat treatment as affected 
by the equipment and particular system may 
not be comparable, and (3) the procedures and 
heat treatments may be sufficient to activate 
the bacterial spores that are present. Normally, 
bacterial spores are present but we are not 
aware of them because they go through normal 
pasteurization without being activated. These 
spores do not grow when the milk is plated 
for bacterial counts and do not stain by the 
techniques employed in making direct counts. 

UHT pasteurization is new, and many of 
the bacterial problems to be overcome have not 
been experienced. However, it is my opinion 
that no one should install a UHT pasteurizer 
expecting to use raw milk that may be of in- 
ferior quality or to solve an unsatisfactory 
cleaning and sanitizing problem. Experience 
has shown that as demands are made for im- 
proved flavor and shelf-life in fluid milk, the 
improvement must begin at the farm and con- 
tinue throughout the entire operation. 


CHEMICAL EFFECTS 


It was indicated previously that there are 
reasons for UHT pasteurization of dairy prod- 
ucts other than bacteriological destruction and 
extended shelf-life. Some of these are (1) 
improving the flavor and body of fluid milk, 
(2) getting maximum stabilization of milk pro- 
teins in ice cream manufacture, and (3) pos- 
sibly converting the heat processing of milk 
for buttermilk to a continuous process. 

Much research has been published on the 
changes in the electrophoretic patterns of milk 
proteins as the result of various heat treat- 
ments. However, it has not been possible in 
many instances to relate the results to the 
characteristics of the finished dairy products. 
Recently, there seems to be more interest in 
relating the effects of various systems and heat 
treatments on dairy products to the pereentage 
of denatured serum proteins. 

Jenness (13) summarized the research done 
at Minnesota relating to the effect of heat treat- 
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ment on serum proteins. They used a tubular 
heat exchanger for much of their work, that 
required 2 to 5 see. of heating-up time and 2 
see. or longer for cooling. Our studies at North 
Carolina have been concerned with UHT pas- 
teurization for fluid milk and ice cream mixes. 
The steam injection heater is a venturi-type.’ 
Milk was preheated to 130° F. in a vat (essen- 
tially no denaturing of serum protein took 
place within 1 hr.) and then heated instantan- 
eously (less than 1 sec.) to the desired tem- 
perature, held, and cooled quickly by evapora- 
tion to approximately 130° F., with further 
cooling to 40° F. or below. A comparison of 
the data on the percentage of serum protein 
denatured by the various systems is presented 
in Table 1. 


TABLE 1 
A comparison of heating systems on the 
denaturation of serum protein 
Serum 
protein 


dena- 

Temperature Time tured 

(°F.) (%) 
Batch 143 30 min. 10 
UHT 180 4—5 see. 10 
Minnesota 180 30 see. 10 
Batch 175 30 min. 75 
UHT 300 40 see. 75 


Minnesota 300 12 see. 75 


It is interesting that a much longer holding 
time was required to denature 10% of serum 
protein by the tubular heat exchanger at 180° F. 
than by the direct steam injector. However, 
the reverse is true at 300° F. While it was 
not possible to compute data for comparable 
heat treatments from the paper by Hedrick 
(10), he was able to obtain approximately 
86% serum protein denaturation by his sys- 
tem at a temperature of 300° F. 

It is reeognized that these results are not 
strictly comparable, because of differences in 
milk supplies, methods of heating, total heat 
treatments, and possible differences in methods 
of analyses. However, these data indicate the 
approximate temperature and time required to 
bring about a certain percentage of denatura- 
tion of serum protein. More detailed data on 
the venturi jet heater are presented in another 
paper at this meeting. 

Of perhaps more importance to the fluid 
milk industry, would be data on the sulphur 
compounds that are liberated, because these are 
related to the flavor of the products. Some 
data are available on vat and tubular heat ex- 
change methods, but very little has been pub- 
lished on steam injection systems. We have 
initiated some research on these heat-produced 


* Manufactured by Cherry-Burrell Corporation. 
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changes in the proteins and hope to relate 
the results to the flavor of the finished produets. 


OTHER CONSIDERATIONS 


Flavor. It is very diffieult to evaluate flavor 
judgments between research studies because 
conditions of treatment and methods of flavor 
analysis are so different. Most workers report 
that they have heated milk in the range of 
250 to 300° F. with only slight modifications 
in the flavor of the finished product. The cooked 
flavor that was produced disappeared in a 
short time and the product had extended 
shelf-life. 

We have heated milk at temperatures rang- 
ing from 200 to 300° F. at 20° intervals for 
a ealeulated hold of 2 see. The flavor of milk 
treated at 200 and 220° F. was best, immedi- 
ately, with the other samples having a reason- 
ably strong cooked flavor. After three days, 
all of the samples scored approximately the 
same and were considered very good milk. 
Shelf-life was excellent for 30 days. 

It was not possible to detect body differences 
as a result of heat treatment. 

Many mixes have been heated at temperatures 
up to 300° F. for a caleulated hold of 30 see. 
with no flavor problems in the finished ice 
cream. 

Stabilizer replacement. Several UHT sys- 
tems have been sold to ice cream manufacturers 
on the basis that there could be a considerable 
savings in the amount of stabilizer required. 
Mitten (17) summarized some of this work 
in a paper presented in 1958. He reported that 
UHT pasteurization of ice cream mix assures 
greater bacterial kill, greater water binding 
characteristics requiring less stabilizer, slightly 
more dryness when frozen, greater stability 
against oxidation, and excellent flavor. It is 
not my intent to get into an extended diseus- 
sion on this point but rather to present some 
of the problems that prevent the giving of 
simple answers. 

It is generally recognized that high viscosity 
in a mix tends to mask flavors. Therefore, for 
best flavor, one would tend toward heat treat- 
ments and stabilization that would produce low 
viscosity. However, it is desirable that ice 
cream have a high resistance to heat shock or 
iciness. Usually, high levels of stabilization 
retard heat shock. High heat treatments alone 
de not give the protection to heat shock that 
is needed in most markets. It may be possible, 
however, to reduce the stabilizer needed be- 
tween 25 and 50% in certain flavor-of-the- 
month specials and other rapid turnover flavors. 

There is insufficient published information 
on specific stabilizers and their behaviour in 
UHT processes for one to make definite ree- 
ommendations. Obviously, more research needs 
to be done on these problems. 

As most ice cream manufacturers know, 
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there are many factors such as the compdsition 
and type of ice cream desired, source and type 
of ingredients used, flexibility and economy of 
the process and storage qualities needed, that 
influence the selection of the heating and proe- 
essing system. Thus, it becomes a matter of 
selection and adaptation to an individual plant 
operation rather than to say that any particu- 
lar process is best. 

Other products. Reportedly, other fluid milk 
products sueh as skimmilk, chocolate milk or 
drink, and half and half are being processed 
satisfactorily in UHT systems. Theoretically, 
there is no reason why these products should 
not process as readily homogenized milk. 
Sterile egg nog mix is available commercially. 
It has a lower viscosity than most fresh prod- 
ucts but the flavor is acceptable. 


as 


Whipping cream is the product with which 
the most difficulty can be expected. Steam in- 
jection and high pressures, velocities and tem- 
peratures cause plugging, reduced viscosity, 
and some reduction ‘in whipping ability. 

UHT processing is still very new and it is 
reasonable to expect that as more knowledge 
and experience are obtained, the process will 
have a wider use and adaptability. 


SUMMARY 


UHT pasteurization will result in longer 
shelf-life to fluid milk without serious damage 
to the flavor. In some instances, the flavor may 
be improved. 

The quality of the raw milk must be excel- 
lent, in order to obtain the greatest benefits 
from the UHT process. 

Post-pasteurization contamination is prob- 
ably more important because of the increased 
time that the milk is held prior to consumption. 

UHT pasteurization will give added stabili- 
zation to milk proteins in ice cream mix but 
this alone will not give the amount of protee- 
tion to heat shock that most plants need. Some 
of the systems that encompass vacuum treat- 
ment will enhance the flavor of the mix. 

The flexibility, adaptability, and economy of 
UHT pasteurization is still primarily an indi- 
vidual plant problem. 

Further research is needed to answer many 
of the problems confronting the widespread 
use of UHT methods in the dairy industry. 
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IMPRESSIONS OF RUSSIAN DAIRY FARMING! 


R. E. Hopeson anv E. E. Hetzer 
Animal Husbandry Research Division, USDA, Beltsville, Maryland 
and 
Department of Dairy Husbandry, University of Wisconsin, Madison 


A party of seven livestock specialists from 
the United States had the unusual opportunity 
of spending 5 wk. in the Soviet Union, in the 
summer of 1959, to study the livestock industry. 
This was one of the agricultural teams of the 
Cultural Exchange Program in effect between 
the United States and the Union of Soviet So- 
cialist Republics. The members of this team 
were E. E. Heizer, Head, Department of Dairy 
Husbandry, University of Wisconsin; L. E. 
Hanson, Head, Animal Husbandry Department, 
University of Minnesota; A. D. Tillman, Pro- 
fessor, Animal Husbandry Department, Okla- 
homa State University; A. V. Nalbandov, Pro- 
fessor, Animal Husbandry Department, Uni- 
versity of Illinois; Wesley Keller, In Charge, 
Range Investigations, Forage and Range Re- 
search Branch, Farm Crops Research Division, 
ARS, USDA; C. E. Terrill, Chief, Sheep, Goat, 
and Fur Animal Research Branch, Animal 
Husbandry Research Division, ARS, USDA; 
and R. E. Hodgson, Director, Animal Hus- 
bandry Research Division, ARS, USDA, the 
team leader. 

The purpose of this paper is to give a brief 
general description of the authors’ impressions 
of dairy farming in the Soviet Union as they 
observed them. This includes observations re- 
lating to cattle and production methods used 
on collective and state farms and observations 
on the research and education programs that 
support the dairy farming industry. It will 
be said at the outset that although the group 
did spend 5 wk. observing Soviet dairying, 
they do not pose as experts on the subject. 
Among other things, the language barrier made 
it diffieult to obtain the fullest possible infor- 
mation. They do have some impressions, how- 
ever, that are recorded here for the use of 
JOURNAL readers. 


STUDY TOUR IN THE U.S.S.R. 


The study tour began in Moscow, where 
nearly a week was spent in meetings with 
specialists in the Ministry of Agriculture and 
visiting the All-Union Academy of Agricultural 
Science (Timiryazev), the Animal Husbandry 
Research Institute, and the Academy of Ge- 


This paper is taken in part from Livestock in 
the Soviet Union, published by the U. S. Depart- 
ment of Agriculture, Washington, D. C., 1961. 
The reader is referred to this report for a fuller 
discussion of the livestock industry of the U.S.S.R. 
in 1959. For the convenience of the reader, all 
figures have been converted to U. S. usage by 
appropriate conversion factors. 


netics. These are all national institutions con- 
cerned with livestock production problems in 
all the 15 Republics. A collective farm at 
Gorky, near Moscow, was also visited. The 
next stop was in the Leningrad area, where 
the group visited the All-Union Academy of 
Seiences Institute of Zoology; the Pavlov In- 
stitute of Physiology; the Pushkin Academy 
of Agricultural Science and Laboratory for 
Animal Multiplication; a large dairy processing 
plant, and a collective farm. The next area 
for study was the Latvian Republic, where 
near Rega the group visited the Latvian Insti- 
tute of Animal Husbandry and its experi- 
mental farm; the Latvian Ministry of Agri- 
culture and two collective farms. 

From Rega the group traveled to Kiev, the 
capital of the Ukraine Republic. Visits were 
made to the Ukrainian Ministry of Agriculture, 
the Animal Husbandry Research Institute and 
its state farm at Teresino. The next stop was 
Kharkov, where a visit was made to another 
Ukrainian Animal Husbandry Research Insti- 
tute and its State Farm for Animal Multipli- 
cation; the Ukrainian Research Institute for 
Poultry and a collective farm. From Kharkov 
the group traveled to the arid southern Ukraine 
to visit the Askaniya Nova Agricultural Re- 
search Institute and its State Farm for Pedi- 
gree Breeding. In this region visits were made 
to one state and two collective farms. 

The next region of study was the Stavropol 
Department of the Russian Republic north of 
the Caucasus Mountains, another arid region. 
Visits were made to the local Ministry of Ag- 
riculture, the All-Union Research Institute for 
Sheep Breeding, the Stavropol Agricultural 
Academy, and a collective farm. 

The next stop was in the southeastern part 
of the Kazakh Republic at Alma Ata along 
the foothills of the Ala Tau Mountain range. 
Visits were made to the Kazakh Ministry of 
Agriculture, the Kazakh Academy of Agricul- 
tural Science, Institute of Animal Husbandry, 
and two collective farms. From Alma Ata the 
group traveled to Rubtsovsk in the Altai De- 
partment of the Russian Republic. This is in 
the so-called new lands area of Siberia. 

The study tour took the group into most of 
the important livestock producing regions. This 
ineluded the humid nonblack soil area along 
the Baltic, the black soil and semiarid and arid 
Ukrainian Steppe regions, the arid regions 
north of the Caucasus Mountains, and the arid 
and semiarid regions east of the Urals. Cattle 
raising and milk production figure prominently 
in the farming scheme in all of these areas. 
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ORGANIZATION OF FARMING—COLLECTIVB AND 
STATE FARMS 


Russian agriculture is organized in state and 
collective farms. There are no family farms as 
we know them. There are about 60,000 col- 
lective and 6,000 state farms. They were first 
organized in the 1930’s by obligatory consoli- 
dation of the holdings of more than 20 million 
former independent peasant farmers. There 
were many more collective farms in the 1940’s 
and 1950’s, but the numbers have been reduced 
by consolidation into larger farms and the 
formation and inerease in the number of state 
farms. When collectivization of the farms took 
place, the peasant owners were allowed to keep 
small plots (about one to two acres in size) 
where they could have their homes and grow 
garden crops and maintain a few privately 
owned animals. 

The former members of the collective have 
a residual claim to the income of the collective, 
based on the kind and amount of work they 
perform. However, the Soviet State, which 
controls the collectives, has a prior claim to 
its share, which may reach half or more of 
the produce of the collective. In contrast, the 
state farms are owned and managed by the 
state and the workers are paid wages. The 
emphasis is not only on larger collective and 
state farms but also in the direction of fewer 
of the former and more of the latter. All but 
about 3 to 5% of the 480 million acres of land 
in erops are under control of the state and 
collective farms, the remainder being taken 
up by private garden-plot-homesite holdings. 
Even so, the peasants living on these small 
privately owned holdings account for a sig- 
nificant part of the livestock population. It 
was stated that over half of the milk produc- 
tion and about 40% of the meat presently come 
from privately owned livestock. The private 
sector owns about 40% of the cattle, one-third 
of the hogs, and one-fourth of the sheep and 
goats. 

The animal husbandry study group visited 
15 state and collective farms while in the Soviet 
Union. All of the farms visited carried on 
major livestock enterprises, but the farms with 
few exceptions were in no way confined to 
livestock production. Usually cattle, pigs, and/ 
or sheep were major livestock enterprises. 
Chickens often were an important project. 
Coupled with this, and the production of feed 
crops such as forage, corn, and other feed 
grains, the growing of wheat, sunflowers and 
sugar beets, where they could be grown, also 
were major enterprises. 

Each farm is under the supervision of a 
chairman, on state farms appointed by the 
state, and on collective farms elected by the 
farm membership. The chairman must meet 
the approval of the state and he can be re- 
moved by the state. On the collective farms it 
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was found, in some cases, that a committee of 
several individuals chosen by the members 
served with the chairman in planning the farm 
program and activities. In this planning, full 
consideration must be given to the quotas for 
the farm assigned by the Ministry of Agricul- 
ture. This applies both to the kind and amount 
of various crops and produets assigned to the 
farm to produce. 

Each collective or state farm employs a staff 
of technicians, usually college graduates, to 
advise, direct, and supervise to a degree the 
production methods and practices. Depending 
on the size and variety of enterprises, these may 
inelude one or several agronomists, zootechni- 
cians, veterinarians, soils specialists, horticul- 
turists, ete. These people are depended on for 
professional advice and with the chairman are 
the key liaison between the farm and the Min- 
istry officials and the institutes. In this re- 
spect they may be considered as similar to our 
county agent service, except that they are 
more specialized and confine their efforts to 
a particular farm. 

The farm work is organized according to 
enterprises, such as caring for cattle, growing 
field crops, gardening, ete. The workers are 
organized into brigades, with a leader at the 
head of each. Workers, both men and women, 
have some choice in the kind of work they would 
like to do. Children also work in various ¢a- 
pacities on the farms. The pay received de- 
pends on the job classification and work output 
in comparison to the work-norms established 
by the management, provision being made for 
additional pay for work performance above 
the work-norm. This appears to be a great in- 
centive for extra effort and apparently is 
important to the farm organization in meeting 
the production goals set for it. 

Payment for work on ‘collective farms is 
either in produce or in wages, and on state 
farms in wages. Wages are low according to 
American standards. While pay varies accord- 
ing to kind and amount of work on a particular 
farm, it also varies from farm to farm and 
from region to region. Average workers on 
farms visited received about $40 to $110 per 
month. In many families the man and his wife 
and the older children all work. 

The facilities on most farms visited left 
much to be desired. Varying degrees of mod- 
ernization were evident. Building materials 
were apparently quite limited. Much of the 
construction was of the mud block adobe type. 
Housing for cattle probably was better than 
for other classes of livestock. Most of the 
barns had good concrete floors, gutters, and 
mangers, wood or metal stanchions and, in 
many, water cups were found. Some had 
wooden paddle barn cleaners; others had litter 
carriers on tracks. Milking by machine was 
observed more often than was hand milking. 
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CATTLE BREEDS 


The cattle of the Soviet Union are dual-pur- 
pose, but the major emphasis up to this time 
has been given to milk production. With very 
few exceptions there are no separate and dis- 
tinct breeds of beef cattle at the present time. 
There was evidence, however, that efforts are 
currently being given to developing specialized 
breeds for meat production. The improvement 
in feed supplies may account in part for the 
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feeling that specialization can not take place. 
In the spring of this year several hundred head 
of beef breeding stock were imported from 
the U.S. to the U.S.S.R. 

There are 28 described breeds of cattle in 
the Soviet Union. A brief description of each 
of these breeds, including the principal color 
markings and the minimum requirements for 
size and milk production at specific stages of 
life for admittance to the First Class Registry, 
is shown in Tables 1 and 2. Only one of these, 


TABLE 1 


Description of Russian cattle breeds 


Foundation Approx. 
stock date 
used in of 
Breed origin origin 


1. Kolmogora Native, Friesian 1750 


2. Tagil Native, Kolmo- 1760-1800 
gora, Dutch, 
Yaroslav 

. Yaroslav Native 1850-60 


ee) 


Native, Kolmo- 1924-25 
gora, Swiss, E. 

Friesian, Yaro- 

slav 
5. East Friesian Imported from 1700 
Germany 
Native, Dutch 


4. Istobensk 


6. Aulieatinsk 1882-1912 


imported 
7. White Faced Native, Dutch 1780—1800 
Ukraine imported 
8. Red Steppe Native, East 1910-11 
Friesian 
9. Red Estonian Native, Red 1900 
Dane, Swedish 
Red 
10. Latvian Native, Red 1860 
Brown Dane, Swedish 
Red 
11. Red Lithu- Native, Ayr- 
anian shire, Swiss, 
Friesian, Red 
Dane 
12. Black Spotted Native, Dutch 1930-35 
Lithuanian imported, Swiss 
13. Black Spotted Native, Dutch 1900-20 
Estonian imported 
14. Kostroma Native, Swiss 1917 
imported 
15. Simmental Imported from 1800 
Switzerland 
16. Sichevski Native, Sim- 1930 
mental 
17. Swiss Imported from 1862 


Switzerland 
Native, Tyrolean 1860 


18. Red Hump- 
back 


Origin 
and areas 
of popu- 


larity in Principal 
U.S.S.R. Type color markings 
Central, North, Milk-meat Black, white; red, 
West Central white, spotted 
Middle Urals Milk-meat Black, black spot- 
ted, red; red spot- 
ted 


Milk-meat Black or red with 
white, white 
around face, eyes 
and underline 

North Central Milk-meat Black or red and 

white spotted 


Central, North 


West Central Milk-meat Black and white 

Khirgiz, Kazakh Milk-meat Black or red 

Repub. spotted 

Central Ukraine Milk-meat Black, red or chest- 
nut with white 
face 

Southern Ukraine, Milk-meat Red—light to dark 

Central Asia, 

South Central 

Estonia Milk-meat Red 


Latvia, Central Milk-meat Red, chestnut 
USSR 


Lithuania Milk-meat Red of varying 
shades; red 
spotted 

Lithuania Milk-meat Black, white spotted 


Estonia, N. Cen- Milk-meat Black spotted 
tral USSR, 
Northwest USSR 


Central Milk-meat Light or dark grey, 
brown 

Ukraine, W. Cen- Milk-meat Yellow or red 

tral, USSR spotted 

W. Central, Cen- Milk-meat Pale yellow or red 

tral, Siberia, spotted 

White Russia 

Central Milk-meat Brown 


Central USSR Milk-meat Red 








26 
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TABLE 1 (Coneluded) 





Origin 
Foundation Approx. and areas 
stock date of popu- 
used in of larity in Principal 
Breed origin origin U.S.S.R. Type color markings 
. Kurgan Native, Short- 1900 Central Urals Milk-meat Red or red spotted 
horn imported 
Lebedin Native, Brown 1934 Yentral Ukraine, Milk-meat Grey, brown 
Swiss W. Central 
21. Ala Tau Native, Brown 1900 South Asia Re- Milk-meat Brown 
Swiss publies 
22. Bestuzhev Native, Short- 1850-1900 East Central, Milk-meat Red, red spotted 
horn Urals 
Yurin Native, Tyro- 1900 Central USSR Milk-meat Red, brown 
lean, Swiss 
. Red Tambov Native, Tyro- 1900 Central USSR Milk-meat Chestnut, red, red 
lean, Simmental spotted 
. Shorthorn Imported 1900 Central USSR, Meat-milk Red, white, roan 
Central Urals and 
Northern Cau- 
casus 
26. Kalmitz Native 1917 Northern Cau Meat Red, red spotted 
casus 
. White-faced Native, Here- 1930 Caspian, South Meat-milk Red with white face 
Kazakh ford Asia 
. Grey 1910 Ukraine, Kuban Meat-milk Grey 


Ukraine 


TABLE 2 


Minimum requirements for the various breeds for admittance to first class registry 
Live weight Milk produetion—300 days 





Bulls, 
5 yr. 
old Cows 
and at 3rd First Second Third Butterfat 
3reed over ealving lactation lactation lactation average 
-_—— - i I (Vo) 
1. Kolomogora 1,760 1,056 5,060 5,940 6,600 3.7 
2. Tagil 1,650 1,012 4,840 5,720 6,380 4.0 
3. Yaroslav 1,584 968 4,620 5,500 6,160 4.0 
4. Istobensk 1,650 1,012 4,620 5,500 6,160 4.0 
5. East Friesian 1,804 1,100 5,720 6,600 7,480 3.6 
6. Aulieatinsk 1,584 946 4,620 5,500 6,160 3.8 
7. White-faced Ukraine 1,650 968 4,884 5,720 6,380 3.7 
8. Red Steppe 1,650 1,034 5,060 5,940 6,600 3.2 
9, Red Estonian 1,650 1,034 5,060 5,940 6,600 3.8 
10. Latvian Brown 1,650 1,034 5,060 5,940 6,600 3.7 
11. Red Lithuanian 1,650 1,034 5,060 5,940 6,600 3.7 
12. Black Spotted 
Lithuanian 1,804 1,100 5,500 6,380 7,260 3.7 
13. Black Spotted 
Estonian 1,804 1,100 5,500 6,380 7,260 3.7 
14. Kostroma 1,826 1,122 5,720 6,600 7,480 3.8 
15. Simmental 1,804 1,122 5,060 5,940 6,600 3.7 
16. Sichevski 1,848 1,144 5,280 6,160 6,820 3.8 
17. Swiss 1,760 1,078 5,280 6,160 6,820 $2 
18. Red Humpback 1,540 946 4,400 5,280 5,940 4.0 
19. Kurgan 1,694 1,078 4,840 5,720 6,380 3.9 
20. Lebedin 1,760 1,100 5,280 6,160 7,040 3.8 
21. Ala Tau 1,760 1,078 5,060 5,940 6,820 3.8 
22. Bestuzkev 1,716 1,056 4,400 5,280 5,940 3.8 
23. Yurin 1,540 946 4,400 5,280 5,940 4.0 
24. Red Tambov 1,760 1,100 5,060 5,940 6,600 3.7 
25. Shorthorn 1,760 1,100 4,400 5,280 5,940 3.8 
26. Kalmitz 1,650 1,056 
27. White-faced Kazakh 1,640 1,060 3,080 3,740 3,960 3.8 
28. Grey Ukraine 1,694 1,100 3,300 4,180 4,840 4.1 
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the Kalmitz, is classed as a meat breed. In 
addition, three breeds of Zebu are recognized. 
One breed of black-colored Yak and one breed 
of black or dark grey or brown-colored buffalo 
is also recognized. 


CATTLE AND MILK PRODUCTION STATISTICS 


The cattle population in 1958 was reported 
to be 66.8 million head, of which 31.4 million 
were cows.” 

A recent report from the USDA ®* describes 
developments in milk production. The essential 
data in this report are summarized in Table 2. 
These data show a very large increase in total 
production of cow’s milk, 62.5% from 1940 
to 1957. This compares with an increase of 
15.1% in the U. S. in the same period. The 
report suggests serious doubt concerning the 
validity of the official milk production figures. 
It suggests that a more realistic figure for 
the 1957 production would be about 100 billion 
pounds rather than the 117.5 billion pounds 
reported. The report also shows that the num- 
bers of cows had increased by 42.7% from 
1940 to 1957, while the number of cows and 
heifers 2 yr. old and over kept for milk in the 
U.S. had decreased by 8%. 

The average production of milk per cow 
has shown a significant increase. A comparison 
of the per-cow production, as caleulated from 
the data in Table 3, by years, is shown in com- 
parison with that of U.S. cows in Figure 1. 
According to these data, production per cow 
in the U.S. from 1940 to 1957 had increased 
by 36.9%, and the production per cow in the 
U.S.S.R. inereased 24.8%. In the latter case, 


*U.S.S.R. in Figures—A Statistical Summary— 
Central Statistical Department, Ministry of Agri- 
culture, Moscow. 1958. 

* Milk Production in the Soviet Union—Recent 
Developments—Volin, Lazar, Foreign Agricultural 
Service, FAS-M-58, May, 1959. U. 8S. Department 
of Agriculture, Washington, D. C. 
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Fic. 1. Trends in milk yields per cow in the 
United States and in the Union of Soviet Socialist 
Republics. 

? Agricultural Statistics Series, U. S. Depart- 
ment of Agriculture, Washington, D. C. 

? Milk Production in the Soviet Union, FAS-M- 
58, U. S. Department of Agriculture, Washington, 
D. C., 1959. Average yield per cow calculated by 
dividing figures for all cows, Column 1, Table 3, 
into figures for total yield for cow’s milk, Column 
1, Table 1. 


a very significant increase took place in the 
year 1955. Previous to that year, and following 
that year, the year-to-year increase was very 
small. Perhaps this large increase could be 
the result of a change in statistical reporting 
rather than an actual increase in per-cow milk 
production. 

The best estimate that could be arrived at is 
that the average production of milk per cow 
is about 4,000 lb. There apparently is a great 
range in production per cow in different areas 
and on different farms in the U.S.S.R., just 
as there is in the U.S. As an example of this, 
the average milk yield per cow reported for 
each of the state and collective farms that the 
study group visited was 8,147 lb., with a range 
from 15,180 to 2,236 lb. Average for all cows 
in the Latvian Republie was 5,500 lb.; for the 
Stavropol Department 5,940 lb.; and for the 


TABLE 3 
Total cow numbers and milk production by farming sources in the U.S.S.R. for selected years * 





Cow’s milk production 





Per cent of production 














coming from: Av. 

Collee- yield 

tive State Private Collee- All per 
Year Total” farms farms sectors tive State Private cows ° cow 4 

(number, 

(billion Ib.) (%) million ) (1b.) 

1940 72.3 12.0 4.3 56.0 16.6 6.0 77.4 22.8 3,173 
1950 73.6 14.3 4.5 54.8 19.4 6.2 74.4 24.6 2,992 
1953 75.5 19.6 6.5 49.5 25.9 8.6 65.5 24.3 3,109 
1955 90.7 29.6 7.6 53.5 32.7 8.3 59.0 26.4 3,810 
117.6 43.5 12.1 62.0 37.0 10.2 52.8 29.0 4,054 





1957 


* Adopted from Tables 1, 2, and 3, FAS-M-58-USDA. 

» An additional three to four million pounds of milk are reported from sheep and goats; 
1958 production given as 127.4 million pounds, of which probably three 
sheep and goats. 

* Reported as all cows. 

* Derived by dividing total cow milk production by total of all cows. 


million are from 
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collective and state farms in the Ukrainian 
Republic 4,950 lb.* It is apparent that the study 
group was given the opportunity to see, by 
and large, the better-producing herds on their 
trip. At the same time, it is not difficult for a 
visitor to have the same experience on a tour 
to study dairy farming in the U.S. 

The study group had little opportunity to 
observe livestock production practices carried 
on by the private land-holders on their one- 
acre plots. This is unfortunate when it is 
realized that more than half the milk and 40% 
of the beef are reported to come from these 
private holdings. What the group was able to 
see in this respect indicated that conditions 
were not particularly conducive to high produc- 
tion per animal unit. 

Evidently not much attention is given to 
type, at least nowhere near the attention that 
is given to it in this country. If there is, the 
ideas of type are quite different than ours. 
The cows are coarse, rough, often low in the 
back and rump, and the udders are not well 
balanced. Individuals of the various breeds 
are lacking in uniformity, both in color and 
appearance. The main emphasis is on the 
utility aspects, such as size and weight for age 
and on milk yield and the butterfat content 
of the milk. 


CARE AND MANAGEMENT 


Herds on collective and state farms are large. 
Even so, the general practice appears to be to 
divide them into smaller units and to keep 
milking cows together and away from dry cows 
and young stock. Barns usually hold about 
100 milking cows and there may be several 
such barns on a farm, depending on the size 
and importance of the cattle enterprise. In 
the northern areas, enclosed stanchion barns 
are in eommon use the year around, whereas 
ia the southern areas enclosed barns are used 
ii the winter but in summer the cows are often 
noused in open-sided stanchion barns. These 
methods appear to be an effort to house pro- 
ducing animals so that adverse climatic factors 
are minimized. There was no evidence of the 
use of loose housing and milking parlors. Fre- 
quently, milking was done in open yards. 

Pasturing is not practiced extensively. Only 
in Latvia did the study group observe cattle 
grazing on pasture to any great extent. Here 
intensive rotational grazing on productive per- 
manent pasture, like one might see in the humid 
areas of the U.S., was common. This is about 
the only place where fences in ary number 


*The study group made a number of inquiries 
concerning the method by which the average pro- 
duction of all cows is computed by various Min- 
istries of Agriculture. They were informed on 
one occasion that the average production per cow, 
as measured on collective and state farms, was 
projected for that part of the cow population 
privately owned (approximately 53%). 


were observed. Most generally, the practice 
throughout other parts of the U.S.S.R. is to 
keep the producing cows in dry lot the year 
around and bring the feed to them. Dry stock 
and heifers seemed less well cared for, are 
pastured, an@ are given supplemental feed as 
needed to keep them in fair condition. With 
the absence of fences, these animals are tended 
by herders, generally women. 

The Russians believe in exercising their ani- 
mals. Those not pastured are given exercise 
by being driven several miles each day. The 
group was told by the Head of the Cattle De- 
partment of the Timiryazev Academy that ex- 
ercise improves the ability to digest food, does 
not increase the nutritive requirement, and 
enables cows to produce more milk per unit 
of food. Exercising animals, therefore, appears 
to be a regular part of the routine in caring 
for cattle on collective and state farms. 

The animals observed appeared to be well 
eared for. Most often women care for the 
animals and they apparently have a love for 
cattle and give them much close attention. Ani- 
mals, even herd bulls, seemed to be very docile 
in response to this kind of treatment. 


MILKING PRACTICES 


It is the usual practice to milk cows three 
times daily. Frequently, with the higher pro- 
ducing cows, milking is done four and even 
five tiries daily, particularly in the early part 
of the lactation period. On the farms visited 
we observed good milking practices. This in- 
cluded cleaning the udder and teats before 
milking, using a strip cup, conditioning the 
animal, and then milking by machine or by 
hand. The milk from each milking is measured 
in a specially designed measuring bucket and 
the volume recorded. Samples are taken for 
butterfat determinations on one or two days 
each month. Butterfat determinations are made 
by the Gerber method. The study group was 
told on a number of occasions that mastitis 
was not a serious problem, since it is largely 
avoided by giving close attention to good 
milking practices. 

The group could not determine how exten- 
sively machine milking was used, but our im- 
pression is that considerable effort is made on 
collective and state farms to adopt this method 
of milking. Most of the farms visited were 
using milking machines. It is very doubtful 
that any of the large numbers of cows on pri- 
vate holdings are milked by machine. Consid- 
erable attention apparently is given to improv- 
ing milking machines. The Animal Husbandry 
Research Institute at Kharkov demonstrated 
a portable four-unit milking machine they had 
recently developed. It was suspended on a 
earrier track back of the cows and could be 
moved along the string from one end of the 
barn to the other. It had individual compart- 
ments to receive the milk from four cows, each 
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with a window and a measuring device to 
measure the amount of milk. The milk could 
he drained from this to a receiving can. The 


machine claws, cups, ete., looked much like the 
ones used on our machines. This milker was 
apparently working well but it looked crude 
and as if it would be difficult to clean. 

This machine was observed in the Animal 
Husbandry Department at the Moscow Per- 
manent Exhibition where it was being demon- 
strated. The machine utilizes what was called 
a special three-phase action which was claimed 
to do a faster and more complete job of milking 
than the conventional two-phase units. The 
principle utilized 45 to 50 pulsations, involv- 
ing 60% of the time in suction, 20% in pres- 
sure, and 20% in release. The vacuum was 
400 mm. of mereury. Each unit will milk 40 
cows per hour. 

Milk was strained through cloth from the 
bucket into receiving cans in the barn and the 
cans were stored in water tanks or, more often, 
transported soon after milking to the receiving 
station or factory. There was little evidence 
of refrigeration storage and no evidence of 
refrigerated bulk storage tanks on farms. Like- 
wise, there was no evidence of steam steriliza- 
tion facilities for sanitizing milk utensils on 
the farm, and frequently the water supply 
appeared to be limited. The availability of 
veterinary service on most farms no doubt aids 
in the sanitary aspects of milk production. 


CALF RAISING 


Observations made indicated that methods of 
raising young calves were good. Again, the 
availability of lots of labor and love of animals 
affords individual attention so necessary for 
successful calf raising. The methods used are 
not unlike ours. The calves are taken from 


their mothers two or three days after birth 
and after receiving the benefit of the colostrum, 
are placed in individual pens or in small groups. 
Some of the individual pens were of the raised- 
floor type. Calves receive whole milk for 2 or 
3 wk. and skimmilk for 4 to 6 mo. 


Green feed 





Fig. 2. Dairy barn—Red Partisan Collective 
Farm—near Leningrad. 
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or hay is offered as soon as calves will take 
it. A grain mixture also is offered and fed in 


moderate amounts until the ealves are old 


enough to sustain themselves in reasonably 
good condition on forage. Antibiotics were 
used on some farms. Generally, simple grain 


mixtures or single grains such as oats or barley 
were used. Not much use of milk replacers or 
starters was observed, probably because most 
farms have plenty of liquid skimmilk available. 
FEEDS AND FEEDING PRACTICES 
Much emphasis is placed on roughage in 
feeding cows. In the northern humid regions 
cows are pastured on good permanent pasture 
under intensive rotational grazing. In other 
areas, cows are kept in and green feed is fed 
in barns or in feeding yards. Several different 
forage crops, such as grain crops, Sudan millet, 
sweet clover, alfalfa, corn, ete., are fed in 
season throughout the summer. Hay in limited 
amounts, but lots of corn silage and straw, are 
fed in winter. A grain mixture containing 
about 15% protein is fed to producing animals 
at the almost universal rate of 1 Ib. daily to 
each 3.5 to 4 lb. of milk produced. Feedstuffs 
making up the grain mixture are various com- 
binations of several of the following, depend- 
ing on availability: corn, barley, oats, mill 
feed, beet pulp, beet molasses, sorghum, and 
oil meals from flaxseed, cottonseed, and sun- 
flowers. The corn silage is made from corn 
with few if any ears (in northern latitudes), 
or corn with the grain just forming on the 
cob. The practice is to harvest the corn early 
to obtain more protein in the leaves. The corn 
is grown thick, and the growing season is short, 
which may be another reason for early harvest- 
ing. Much of the corn silage is made in trenches, 
bunkers, or stacks. Much of it observed was 
rather sour and only of average quality. 


BREED IMPROVEMENT PROGRAMS 


The breed development and improvement pro- 
grams are handled by the Ministry of Agricul- 
ture through the various institutes and acade- 
A number of different institutes visited 


mies. 





Fie. 3. Street milk dispenser—Stavropol. 
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had organized improvement programs in prog- 
ress with collective and state farms for the 
breeds that they were interested in. These pro- 
grams may be different in the different repub- 
lies. Since all of the collective and state farms 
regularly record the volume of milk produced, 
and presumably most of them make butterfat 
determinations for individual cows in their 
herds, data on a large percentage of the cows 
are available for evaluating breeding material. 
It was not made clear how effectively these data 
are used for this purpose. It was not evident 
that a wide-scale sire evaluation and proving 
program was in progress. However, in Latvia 
it was stated that 80% of the cows were on 
organized record of performance programs. 
The group was shown an elaborate system of 
forms that was just being adopted for data 
recording, analysis, and sire evaluation in the 
Latvian Republic. On close inspection, it was 
apparent that these forms were almost an 
exact copy of the new forms recently developed 
for similar work bythe dairy extension workers 
at Cornell University in cooperation with the 
USDA. 

At the Animal Husbandry Research Institute 
at Kharkov the group was told that this Insti- 
tute has the responsibility for sire evaluation 
work for all breeds for the Ukraine Republic. 
The breed improvement work is based largely 
on sire selection. Some work had been done 
before the war and they are just now getting 
back into this work in an organized way. In 
relation to sire proving using daughter-dam 
comparisons, the man in charge indicated that 
the results are confounded by the steadily in- 
creasing level of feeding that has been taking 
place in recent years. For this reason, he 
stated, the sire evaluation work is based on 
both the daughter-dam comparisons and on the 
daughter averages, with contemparary com- 
parisons of nonrelated animals in the same 
herd producing at the same time. With con- 
temporary comparisons, milk yield, butter test, 
and yield and weight of animal are considered. 
The productivity of a bull’s daughters is ex- 
pressed as a percentage of the productivity of 
the mates and of the mothers and the mothers’ 
mates. 

Pedigree evaluation is also used to judge the 
merits of sires. This is used when insufficient 
information is available on production of 
daughters of bulls. 

It was stated that presently only about 25% 
of the bulls in artificial breeding studs had 
been selected on one or the other of these meth- 
ods, mainly the pedigree evaluation method. 
It is planned to expand these methods of sire 
evaluation as much as possible, especially for 
bulls in artificial breeding. 

In addition to the sire evaluation work, re- 
search institutes operate pedigree increase 
farms where breeding animals of one or an- 
other breed are raised and distributed to other 
farms or placed in artificial insemination studs 





Fic. 4. Dairymaid milking with machine—Ge- 
netics Experimental Base State Farm—Gorky. 


operated by the institutes, or in other studs. 

The herd books for the various breeds are 
operated by the institutes. There apparently 
has been considerable emphasis given to the 
pedigree program on both state and collective 
farms. In 1932, 10% of the cattle on state and 
collective farms were pedigreed. In 1939, the 
percentage was 29, and in 1955 it was 74, 
with a total of 19.2 million head.° The qualifi- 
cations for admittance to the pedigree classes 
are not well defined. Animals are recorded in 
the herd books under several classes of entry, 
upon meeting the requirements set and upon 
passing an inspection conducted by an inspec- 
tion committee established for this purpose. 

An animal apparently is considered a pure- 
bred and may become a pedigreed animal if it 
is the result of three or four crosses to a pedi- 
greed bull of the breed and meets the stand- 
ards set by the Ministry of Agriculture. These 
standards apparently are based on live weight 
at a given age, productivity, and origin (breed 
characteristics). The herd book pedigree pro- 
gram apparently is progressive, in that ani- 
mals progress according to percentage of pure 
breeding into the purebred class. In addition, 
there are provisions for three classes—elite, 
first class, and second class animals—that ani- 
mals may qualify for, depending on how well 
they meet the standards set by the Ministry. 
Animals under consideration for qualifying are 
inspected by an inspection committee of repre- 
sentatives from the Ministry and the Institute. 

It is apparent that this must be a very active 
program, in that in all classes of livestock the 
number and the percentage of all collective and 
state farm—owned livestock have increased very 
rapidly. Pedigreed animals constitute a much 
larger percentage of the livestock in the 
U.S.S.R. than in the United States. It is ob- 
vious, however, that the herd book programs of 
the two countries differ greatly. 


BREEDING RESEARCH 


Extensive breeding research with cattle is 
in progress at all of the animal husbandry re- 


*See Footnote 2. 
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search institutes visited. This work is directed 
toward developing new breeds especially adap- 
ted for particular environments, improving ex- 
isting breeds in milk yield, butterfat content, 
and in size. The breeding work perhaps of 
necessity follows closely the Lysenko theory 
that all laws of heredity are subordinate to en- 
vironment. A few examples of the research 
studies observed will be discussed. 

Breeding research at experimental genetics 
base. The study group had the opportunity to 
review Dr. T. D. Lysenko’s research with cattle 
at the Experimental Genetics Base at Gorky. 
Dr. Lysenko subscribes to the Michurian Theory 
of Biological Inheritance. His research with 
dairy cattle was outlined to demonstrate this 
to the group. The primary object of the re- 
search is to inerease the butterfat content in 
the milk. The foundation herd is of the large- 
sized Kostroma breed, giving milk that aver- 
ages 3.5° butterfat. The plan was to cross 
these with Jersey bulls imported from Den- 
mark. These bulls apparently did not have 
tested daughters and he assumed that their 
transmitting ability for butterfat was 5.5% of 
the breed average. The offspring resulting from 
the first cross he reported produced milk with 
butterfat content of 5.0% or higher (with only 
one exception). Furthermore, these offspring 
produced milk in large volume, like the breed 
of the dams. Dr. Lysenko stated that the 75 
bulls resulting from these first crosses, when 
used on any other cattle, would produce off- 
spring that gave milk testing at least 5.0%. 
The cows observed by the group, both founda- 
tion and crossbreds, were good-looking, pro- 
ductive cows. They lacked nothing in the way 
of care and feed to provide an excellent en- 
vironment for them to express their hereditary 
ability to produce. We observed no control 
population that he was using and there was 
lack of evidence of a carefully designed ex- 
perimental plan. We believe that feeding and 
management conditions have improved greatly 
in this herd in the last few vears. When data 
were asked for to substantiate his statements, 
none was offered. 





Fig. 5. Latvian Brown cows, Latvian Animal 
Husbandry Institute State Farm near Rega. 
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Dr. Lysenko argued that there was need for 
milk of a high butterfat content and his ex- 
periment proceeded to obtain it. He said that 
the nutritive requirement per liter of milk is 
the same regardless of its butterfat content, 
a statement that the group could not accept. 
He concluded that he has created in these 
simple crosses a breed of cattle with charac- 
teristies of having small calves that grow into 
big cows that produce large volumes of milk 
of high butterfat content and that there will 
be no segregation in these characteristics. Dr. 
Lysenko dismissed us by stating that the de- 
velopment of a species is governed by certain 
laws of biology that need to be studied. This 
was about the only basis on which the study 
group and Dr. Lysenko could agree. 

Research to develop the Ala Tau breed. One 
phase of the research of the Animal Husbandry 
Research Institute at Moscow and the Kaz- 
akhstan Academy of Agricultural Science is 
the development of a breed of cattle that would 
be particularly adapted to the mountainous and 
irrigated valley region of southern Kazakhstan. 
Native cattle were available and the objective 
was to introduce stock to develop a breed that 
yielded larger quantities of milk and would 
have good meat qualities. 

Foundation native dams were crossed to 
Brown Swiss bulls. The female offspring were 
bred to Brown Swiss bulls producing 34 Brown 
Swiss, 144 Kazakh. The superior animals re- 
sulting from the second cross, based on appear- 
ance and size (weight for age), were interbred 
and became known as the Ala Tau. The poorer 
animals were mated to Brown Swiss bulls to 
produce % Brown Swiss, 4% Kazakh. Their 
offspring were bred to the Ala Tau bull and 
the offspring became the Ala Tau. Intensive 
selection was practiced, particularly with the 
Ala Tau bulls used. Selection was based on 
color, appearance, milk yield, butterfat test, 
and body size. By using state and collective 
farm herds, some 30,000 cows were available 
and intensive selection was practiced. The ani- 
mals that the study group observed represented 
the second, third, and fourth generations. They 





Fig. 6. Simmental bulls at Artificial Insemina- 
tion Stud, Animal Husbandry Research Institute, 
Kharkov. 














OUR INDUSTRY TODAY 





Fie. 7. Lebedin cows, Animal Husbandry Re- 
search Institute, Kharkov. 


were large, productive animals of good fleshing 
qualities and they looked very much like our 
grade Brown Swiss cattle. Again, there was no 
evidence of the existence of control popula- 
tions that were used to measure progress being 
made. 

Research with the Red Steppe breed. The 
Askaniya Nova Research Institute has a major 
breeding research project with cattle of the 
Red Steppe breed. Three phases of work are 
in progress: (1) To improve the Red Steppe 
breed; (2) to create a new commercial dual- 
purpose type by crossing the Red Steppe with 
the Shorthorn; and (3) to improve adaptability 
and inerease the butterfat content of the milk 
of the Red Steppe by crossing with the Zebu. 
In addition, this station supervises the breed 
registry and the breeding policy of the Red 
Steppe breed. They also operate a state farm 
for increase in pedigreed Red Steppe breeding 
animals for distribution to the industry. At 
this farm three different lines of Red Steppe 
cattle have been established: (1) High milk 
yielding line; (2) high butterfat testing line; 
and (3) high meat line. The establishment of 
the high butterfat test line, based on the per- 
formance of one outstanding cow, was illus- 
trated. The technician in this way demonstrated 
how the inherited ability for high butterfat 
percentage in the milk was fixed. It was stated 
that heritability of a characteristic takes the 
direction of selection, and in this case the prime 
consideration in relation to the inheritance of 
butterfat percentage should be given to the 
dam. 

In the formation of this high test line, a 
foundation cow, No. 48, is the prime contribu- 
tor. What she descended from seemed unim- 
portant. Her nine lactations varied from 5,060 
to 9,460 lb. of milk and the test varied from 
4.5 to 4.8%. She produced two daughters from 
two different bulls. One of these bulls was from 
a dam with one lactation, 11,644 lb. of milk 
testing 3.6%. No information was available 
on the other dam. The daughter from the latter 
bull had three lactations that ranged from 
5,654 to 9,460 lb. of milk and the test varied 


Fig. 8. Heifers of Red Steppe breed—Askaniya 
Nova Research Institute, Southern Ukraine. 


from 4.1 to 4.8%. The daughter from the 
other bull and the foundation cow No. 48 had 
five lactations that ranged from 7,040 to 8,140 
lb. of milk and the test varied from 4.1 to 4.4%. 
This daughter was bred to a bull from a cow 
that produced in one lactation 8,000 lb. of milk 
testing 4.23%. The female offspring from this 
mating had two lactations, with 6,233 and 
6,158 Ib. of milk testing 4.28 and 3.93%, re- 
spectively. The average test for the herd is 
about 3.8 to 3.9%. 

Five bulls from the foundation cow, her two 
daughters, and one granddaughter are presently 
being used in artificial insemination in the state 
farm herd to establish this high test line. One 
of these bulls has been proved both on pedi- 
greed cows and on grade cows. The 27 pure- 
bred daughters by this bull averaged 3.95% 
butterfat and their 27 purebred dams averaged 
3.68%, an average increase of 0.27. On his 
proof with grade daughters, their average but- 
terfat test was 3.75% and their dams’ average 
butterfat test was 3.78%, a decrease of 0.03. 
This was all of the data they could show us to 
substantiate their claim of the establishment 
of a high butterfat test line and the mode of 
inheritance of butterfat. 

The cross-breeding work with the Shorthorn 
is designed to develop a type that includes high 
milk yield, high butterfat test, and good carcass 
quality. They are looking for a higher meat-to- 
bone ratio than is present with the Red Steppe 
breed, with a lean meat that is more juicy, 
more tender, and more marbled. They antici- 
pate this will be achieved with a combination 
of % Red Steppe and 4% Shorthorn. 

Breeding research with Simmental cattle at 
the Animal Husbandry Research Institute, 
Kharkor. This station is the principal organi- 
zation doing breeding research with the Sim- 
mental breed. They are also working with the 
Red Steppe and the Lebedin breed which was 
founded at this station. 

The work with Simmental cattle is directed 
toward: increasing the milking ability and in- 
creasing the butterfat content of the milk. In 
the last 12 yr. they have been establishing in 
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this herd two lines, one a high milk line and 
one a high fat test line. At present, the high 
milk line is averaging 18,260 lb. of milk, with 
an average test of 3.75. The average cow 
weighs 1,748 lb. (mature) and yields about 
1,000 lb. of milk per 100 lb. body weight per 
lactation. 

The high fat line is averaging 12,100 lb. of 
milk, with an average test of 4.2%. The aver- 
age cow weighs about 1,430 lb. (mature) and 
yields about 800 lb. of milk per 100 lb. body 
weight per lactation. 

These lines were established by selection and 
use of bulls that sired daughters that were 
either high in milk yield or that had a high 
butterfat test for use on the respective lines. 
Considerable line breeding was practiced and, 
of course, rigid selection was used. The evi- 
dent purpose is that when these lines are firmly 
established and fixed, they will be crossed with 
the anticipation that the crosses will express 
both the high milk yield and high fat test of 
the parent lines. 

Some years after the establishment of these 
lines was begun, a third line was established 
by breeding and selection for both high milk 
yield and high fat test. This line is for the 
apparent purpose of serving as a control to 
compare with the crosses that will be made 
from the high milk yield, high test lines. This 
appeared to be about as good a breeding re- 
search project as was seen on this trip. 


ARTIFICIAL INSEMINATION 


The study group visited a number of arti- 
ficial breeding centers in various parts of the 
Soviet Union. They also observed research in 
this area at several research institutes. The 
use of artificial insemination as a tool for herd 
improvement has increased rapidly during the 
past few years. It was stated that in 1958, 
5,500,000 cows were bred by this method and 
that an estimated 8,000,000 cows would be bred 
during 1959. This figure ineluded 1,000,000 
cows owned privately by collective farmers. It 
appears that the present rapid increase in the 
use of artificial breeding of cattle is following 
the pattern established earlier with sheep. Over 
30,000,000 ewes were bred artificially in the 
Soviet Union in 1958. Methods are under study 
and development for use with other species. 


In most respects the artificial breeding pro- 
gram of the Soviet Union is similar to that of 
other countries. Stud farms are usually oper- 
ated as part of a state farm under supervision 
of institutes or the Ministry of Agriculture. 
However, the artificial breeding center is usu- 
ally budgeted separately from other farm op- 
erations. A typical center near Kiev had 50 


bulls and 15 rams. In 1958, these sires provided 
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semen for services to 52,330 cows in 200 coop- 
erating collective and state farms in the area. 
Semen is priced on a per cubic centimeter basis 
that varies according to the quality of the sires 
and the volume of business for each cooper- 
ative farm. It was interesting to observe that 
the per-cow cost of breeding in the Soviet 
Union was comparable or higher than similar 
costs in the United States. 

Techniques employed in artificial insemina- 
tion were similar to ours, with a few exceptions. 
Fresh semen diluted with yolk citrate at rates 
of 1:20 to 1:40 is generally used throughout 
the country. The usual antibiotics are added 
and storage temperatures are similar to those 
used in most countries. All types of transpor- 
tation, from bicycles to aireraft, are utilized. 
Shipments are made from the stud farms every 
three days. 

Each collective or state farm employs a 
veterinarian and one or more lay technicians 
specially trained in artificial insemination tech- 
niques. Cows are inseminated as soon as heat 
is discovered and are rebred 10 hr. later if still 
in heat. The group was told that this univer- 
sal practice of double breeding materially im- 
proved the conception rate. The large herds 
and availability of trained personnel make it 
feasible to employ this method. All insemina- 
tions are into the cervix and the speculum 
method is used at all times. Most other con- 
trols utilize the rectal palpation technique of 
insemination. However, the group was told on 
several occasions that the Soviet technicians 
had found the speculum method superior for 
their purposes. 

The present use of artificial breeding and 
emphasis given to fundamental research in this 
area indicate that this method of breeding will 
play an important part in the future improve- 
ment of livestock in the Soviet Union. 


SUMMARY 


It is evident that since the end of the war and 
during the post-war reconstruction period Rus- 
sian livestock specialists and farmers have made 
considerable progress in increasing the number 
of cattle kept for milk, the production per 
cow, and total output. At the same time, they 
have greatly improved the feeding and man- 
agement conditions under which the cows are 
kept. There is every indication that this prog- 
ress will continue. The Russians place great 
store in developing animals particularly adap- 
ted to specific environmental or regional con- 
ditions. They do not hesitate to mix breeds to 
attain this end. They attach little importance 
to frills, rather, they concentrate on utility 
items that will move them fastest to their goal 
of outdoing the United States in meat and 
milk production. 
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B. E. GoopaLeE was born in Marshalltown, 
Iowa, April 22, 1897, and received his pre-col- 
lege education there. During his World War I 
service from 1917 to 1919 he was active in four 
major offensives; from France he received the 
Croix de Guerre, and from the U. S. Army the 
Silver Star Citation. 

Professor Goodale received the B.S. and M.S. 
Degrees at Iowa State University, the latter in 
1929, a double major in Dairy Manufacturing 
and Dairy Production. While he was still a 
student under the direction of the eminent Dr. 
Martin Mortensen, he operated the Iowa State 
(College) Creamery. He joined the Clemson 
College staff in 1922 as Associate Professor of 
Dairying, was advanced in 1944 to Professor, 
and in 1957 was named Head of the Dairy De- 
partment, which position he now holds. 

Professor Goodale chose early to be a teacher, 
and in that position he has excelled, not only 
in instructing over 5,000 students on the Clem- 
son campus but in carrying his knowledge as 
an Extension worker to Dairy Industry plants 
throughout the South and Midwest. He is 
especially known for his ability to counsel stu- 
dents on their academic affairs, and on social 
and religious matters as well. His service to 
Clemson College as Assistant Football Coach 


and Scout from 1922 to 1931, further attests 
to his intense interest in developing the whole 
student. 

Fellow faculty members and the Clemson 
College community have recognized and bene- 
fited from the total pedagogical qualities of 
“Big Ben.” He has served the Presbyterian 
Church as Deacon and as Lay Reader and has 
been instrumental in fostering interfaith under- 
standing as Chairman of Clemson’s Religious 
Emphasis programs. He founded the Clemson 
Health Clinic, has served as an advisor to the 
Y.M.C.A., and was appointed by the Governor 
of South Carolina to head up Civil Defense in 
Pickens County. 

Professor Goodale is a member of the honor- 
ary fraternities Phi Eta Sigma, Alpha Zeta, 
Mu Beta Psi, Blue Key, and is a Fellow in Tau 
Kappa Epsilon. He is a member of the Ameri- 
can Association for the Advancement of Sci- 
ence, American Dairy Science Association, and 
the American Association of University Profes- 
sors. He is listed in American Men of Science, 
Who’s Who in American Education, and Who’s 
Who in the South and Southwest. 

For.39 yr. Ben Goodale’s students and friends 
have included him when they sing, “Where the 
Blue Ridge yawns its greatness . . .” 
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Every Laboratory Needs the Ninth Edition of 
AOAC Official Methods 


The ninth edition of the AOAC OrrictaL 
Mernops oF ANALyYsIs includes all changes 
adopted up to and ineluding the annual meet- 
ing in October, 1959. The organization and 
presentation of tests are similar to earlier edi- 
tions. Maximum use has been made of abbrevia- 
tions, omitted prepositions, and cross references 
consistent with clarity. Even so, it has’ been 
necessary to increase the size of page and ar- 
range the material in two columns per page 
in order to inelude the new material in a single 
volume. The Editorial Board and others who 
have contributed deserve much more credit than 
ean be given in a review, for the monumental 
task they have completed. 

Many new tests and changes in approved 
methods have been made necessary by the Pesti- 
cide Amendment of the Federal Food, Drug 
and Cosmetic Act. The rapid inerease in new 
tests is shown by the great number of First 
Action tests which have been included. Ap- 
proximately a fifth of the references cited in 
the 35-page chapter on Pesticides, and a fourth 
of the references on the 5l-page chapter on 
Residues in Foods, were published after the 
eighth edition of Official Methods was pub- 
lished. Not only have new tests been developed 
and approved to answer new needs, but many 
modifications of older tests have been possible 
because of new laboratory equipment and tech- 
niques. Outstanding in the use of new tech- 
niques has been the adoption of chromato- 
graphie methods for a wide variety of tests. 
Every laboratory should have a copy of the 
Ninth Edition. 

H. K. Winson 
University of Illinois 
Urbana 


NUTRITIONAL EvaLUATION OF Foop PRocEss- 
Inc. Edited by R. S. Harris and H. von 
Loesecke. John Wiley & Sons, Inc., New York, 
N. Y. 612 pp. $12. 1960. 

As stated in the preface, “If food processing 
is defined to include all treatments of a food- 
stuff from the place of origin to the point of 
consumption, then more than 95% of our food 
is processed.” Here we have emphasized both 
the wide range of processing treatments con- 
sidered and the importance of this subject to 
all concerned with the nation’s food supply. 

The introduction gives an excellent review 
of the stability of vitamins and essential amino 
acids to such processing factors and treatments 
as acidity, oxygen, heat, and light. Chapters 
of a general nature such as the effect of agri- 
eultural variables and the effect of commercial 
storage on the nutrient content are divided as 
to foods of plant origin and those of animal 


Or 


origin. The major food groups such as fruits 
and vegetables; meat, poultry, and fish; and 
oilseeds and oils are considered in separate 
chapters. Loss of nutrients during preparation 
for both institutional and home feeding is dis- 
cussed in two chapters. Enrichment and stand- 
ardization of processed foods with vitamins, 
minerals, and amino acids is also ineluded. 

Of special interest to readers of this JouRNAL 
will be the chapter entitled Effects of Com- 
mercial Processing of Milk and Milk Products 
on Nutrient Content by R. L. Wanner of Cornell 
University. He diseusses nutrient effects of 
pasteurization, evaporation, condensation, and 
dehydration on milk, as well as processing of 
butter and cheese. 

There are over 30 additional authors, each 
writing in a field of specialization. Their 
contributions vary from a few pages to a whole 
chapter. They have annotated the text with an 
extensive bibliography, so that the reader can 
find the source of almost every point made. 
The second chapter has over 300 references. 
Although there are no tables or graphs in the 
chapter on dairy products, most of the book 
is more than adequate in this respect. 

There may be present some extraneous ma- 
terial, such as the composition of various pack- 
aging materials, and some repetition. In gen- 
eral, the book is well done and will be useful 
to all interested in the effect of food processing 
on nutritional content of foods. 


M. P. STEINBERG 
University of Illinois 
Urbana 


A BreviograPpHy oF Farm Butupines ReE- 
SEARCH, 1945-1958. Part IV: Buildings for 
Cattle. Agricultural Research Council, Cunard 
Building, 15 Regent Street, London, S.W.1. 
1960. 

The Agricultural Research Council has com- 
piled a general bibliography of research publi- 
cations on farm buildings. This is the first 
bibliography of this subject to be undertaken. 


Buildings for Cattle is the fourth section of 
this bibliography to appear. It will be followed 
by other sections dealing with buildings for 
the processing and storage of grain and for the 
processing and storage of forage. There will 
also be a general section which will deal with 
miscellaneous types of buildings and with the 
construction and maintenance of farm buildings. 

The bibliography considers farm buildings 
as part of farm equipment and gives references 
to design, construction, economies, and use, It 
ineludes the findings of scientific research, of 
such systematic but less precise forms of in- 
vestigation as surveys, and of field trials and 
similar developmental phases of new techniques. 
It includes information from any country where 
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conditions are relevant to Great Britain. It 
gives abstracts of the original material and a 
review summarizing the main conclusions. 

This bibliography covers the period from 
January 1, 1945, to April 30, 1958. The Coun- 
cil intends to keep it up-to-date by publishing 
supplementary bibliographies. 

Buildings for Cattle (price 4/6d, by post 
4/1ld) can be obtained from the Agricultural 
Research Council, or from The A.R.C. Farm 
Buildings Unit, Wrest Park Lodge, Silsoe, Bed- 
fordshire, England. 

E. O. Herrerp 
University of Illinois 
Urbana 


THe ANALYSIS OF Fats anp Ors. V. C. 
Mehlenbacher. The Garrard Press, Champaign, 
Illinois. 616 pp. 1960. $12. 

As far as the reviewer is aware, this book is 
the most complete treatise available to date on 
the subject of methodology in the analysis of 
fats and oils. It brings up to date the subject 
material on methods in the American Chemical 
Society monograph series No. 58 Vegetable Fats 
and Oils by G. S. Jamieson and monograph 
series No. 41 Fundamentals of Dairy Science 
by the associates of Lore A. Rogers. 

The Analysis of Fats and Oils is divided 
into eight chapters: Introduction, Fat Content, 
Estimation of Impurities, Stability, Specific 
Tests and Identification, Chemical Character- 
isties, Physical Characteristics, and Composi- 
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tion. The methods deseribed in these chapters 
involve much of the same subject material cov- 
ered in the Official and Tentative Methods of 
the American Oil Chemists’ Society, as pub- 
lished by the American Oil Chemists’ Society. 
However, it ineludes in addition, other methods 
not officially endorsed by the A.O.C.S. For 
example, the International Fat Commission 
method and the Wheeler method, as well as 
the official method of the A.O.C.S., are given 
for the determination of peroxides. The book 
thus allows for a choice of methods which best 
suits the analyst’s need. 

The discussion of dilatometry under the chap- 
ter on Physical Characteristics seems of special 
value to the dairy chemist. Dilatometric methods 
are seldom used to study the physical charac- 
teristics of butterfat by dairy chemists. The 
use of this method would be of value in a study 
of means to improve the spreadability of butter- 
fat. Dr. Mehlenbacher discusses the use of 
gas chromatography in lipid analysis under 
the chapter headed Composition. Although the 
diseussion of gas chromatography is somewhat 
brief, it indicates the comprehensive nature of 
the book. In fact, this book would serve as an 
excellent source for methodology in the entire 
field of lipids; its comprehensive nature serves 
to underscore the rapid rate of progress in the 
field of lipid chemistry. 

F. A. KuMMEROW 
University of Illinois 
Urbana 
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STANDARD METHODS AGAR 


Tenth Edition 1953 
Eleventh Edition 1960 


APPROVED 


BACTO 
~A P H A FORMULA 


PLATE COUNT AGAR 


7 ‘ * = PANCREATIC DIGEST 
Pancreatic digest of cascin...... Bacto - Tryptone P*SSRRN use 5g: 


Yeast extract Bacto - Yeast Extract..........2.5g. 


Glucose Bacto - Dextrose. . GLUCOSE 


Agar, bacteriological grade Bacto - Agar. . 


Reaction pH 7.0 Reaction pH 7.0 


*BACTO — TRYPTONE, Pancreatic Digest Casein U S P, 
has been an A P H A Standard Methods Peptone since 1923 
and a Plate Count Agar Peptone since 1939. 


According to specifications and standards of 


USP 
United States Pharmacopoeia XVI 1960 


APHA 
Standard Methods for Examination of Dairy Products XI 1960 


AOAC 
Association of Official Agricultural Chemists [X 1960 


Descriptive literature on request 


Speceyy 
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